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A Taxonomic Study of the Indigenous Hawaiian Species 


of the Genus Hibiscus (Malvaceae) 


Sister MARGARET JAMES ROE! 


THE GENUS Hibiscus is a member of the Malva- 
ceae, a family of 80 or more genera distributed 
throughout the world except in frigid regions. 
Many abound in the tropics and subtropics, 
where they are important as ornamental and 
commercial plants. 

Since Hibiscus hybridization was first suc- 
cessfully accomplished in Hawaii in 1872 by 
Governor Archibald Cleghorn of Oahu, a grow- 
ing interest in the genus has prevailed not only 
in Hawaii, where the legislature has designated 
one of the species as the official flower, but also 
throughout global tropica! and subtropical re- 
gions. Horticulturists striving to secure desir- 
able varieties have introduced to Hawaii many 
new species, subspecies, and forms (Naka- 
sone, 1953). The popularity of the genus has 
stimulated numerous amateur hybridizers to 
produce thousands of complex hybrids whose 
parentage is now impossible to trace. The at- 
tractiveness of these exquisite cultivars has en- 
couraged and nourished the organization of 
several societies to foster such hybridization. 

Little attention, however, has been given to 
the indigenous members of the genus, several 
of which have been useful in the production of 
these hybrids. Heretofore, no single compre- 
hensive work has been done on the native mem- 
bers of the genus. Individual descriptions have 
appeared in print as far back in 1819. Hille- 
brand (1888) and Rock (1913) both included 


' Former address: Maryknoll Sisters, Honolulu, Ha- 
waii; present address: Apartado postal 1121, Guate- 
mala City, Guatemala, C. A. 

Manuscript received October 1, 1959 


several Hibiscus species in their Floras. It is the 
purpose of this work to record as complete as 
possible an investigation of the native species, 
varieties, and forms, resolving the groups of the 
indigenous Hibiscus populations into taxonom- 
ically recognizable groups. 

This study could neither have been under- 
taken nor accomplished without the help of 
friends who gave time, knowledge, and en- 
couragement. I am primarily indebted to Dr. 
Harold St. John, former Professor of Botany at 
the University of Hawaii, for introducing me 
to the problem. I am indebted to Mr. Irwin 
Lane for supervising the taxonomic and nomen- 
clatural conclusions. Dr. Joseph F. Rock also 
contributed many hours in discussing the prob- 
lem and collecting specimens. I am indebted 
to Miss Marie Neal, Dr. Otto Degener, Mr. and 
Mrs. Colin Potter, and Messers. Paul Weissich, 
Donald Anderson, Albert Duvel, and Henry 
Wiebke for their contributions to this work. 
Dr. Reed C. Rollins and Dr. Robert C. Foster 
of the Gray Herbarium checked and reported on 
material there. Dr. Richard S$. Cowan investi- 
gated the Hibiscus specimens at the Smithsonian 
Institution (U. S. National Museum) and sent 
lengthy descriptions and explanations. On the 
island of Kauai, Mr. George Cliff acted as guide 
during my stay at Waimea Canyon. Mrs. Hector 
Moir of Poipu, Mr. John Santos of Eleele, Mr. 
Stephen Au of Lihue, Mr. Ronald Harker of 
Hale Manu, Mr. Adam Jacinto of Kalaheo, and 
Mr. Solomon Malina of Kipu were instrumental 
in helping me with collections on Kauai. 

The illustrations were made by Sister Chris- 
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tina Francis of Maryknoll High School. 

All herbarium specimens mentioned in this 
paper are deposited at the Bernice P. Bishop 
Museum in Honolulu, unless otherwise stated. 


HISTORY OF THE GENUS Hibiscus 
IN HAWAII 


The history of the indigenous Hawaiian H7z- 
biscus dates back to Gaudichaud’s Hibiscus 
Youngianus, which was collected on the Frey- 
cinet Expedition, 1819. He mentioned it (1826) 
but failed to add any details; hence it was a 
nomen nudum as published, until Hooker and 
Arnott furnished the description (1832). Gray 
(1854) described both H. Brackenridgei and 
H. Arnottianus. In 1888 Hillebrand added H. 
Kokio to the three published species. This was 
followed closely by Heller's description (1897 ) 
of the Kauai white H. waimeae. Hochreutiner 
(1900) included all members in the genus 
known in all parts of the world. The Hawaiian 
populations received treatment by him. Forbes 
(1912) found and named an endemic Kauai 
species, H. kahilii, which is still considered rare. 
From 1912 to 1930 little was done in the way 
of publication until Caum presented Rock's H. 
Brackenridgei var. molokaiana; a variety of his 
own, H. Brackenridgei var. kauaiana; and a 
variety to H. Kokio var. pukoonis. Skottsberg, 
on his Hawaiian Bog Survey assignment, found 
and described a variety and a form of H. Ar- 
nottianus. From that time, 1944 to 1957, no 
new groups were established. Degener (1957) 
recently raised Skottsberg’s var. punaluuensis of 
H. Arnottianus to the level of a species, H. 
punaluuensis. 

At present we recognize 15 populations of 
Hibiscus as indigenous to the Hawaiian Islands 
—9 species, 5 varieties, and 1 form. 


DESCRIPTION OF GENERIC CHARACTERS 


The genus Hibiscus is a large taxon whose 
species, hundreds in number, are restricted to 
the warmer regions of the world. It is polymor- 
phic, including species that are herbaceous, 
shrubby, or arborescent, some of the latter at- 
taining heights of 30 ft. or more. 

Linnaeus (1754) listed Hibiscus under genus 
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no. 756 and gave the fundamental description 
of this taxon. His original characters included 
double perianth; bracts 8 or more in number; 
calyx cup-shaped; 5 heart-shaped petals united 
at base; numerous filaments joined to column; 
anthers reniform; 5-celled ovary; divided stigma; 
reniform seeds. 

Since this original description of Linnaeus, 
we have broadened our knowledge of the genus. 
It can be summarized in the following manner. 
Involucre consists of several free bracts. Calyx 
5-lobed or toothed, persists with fruit. Flowers 
borne singly in axils, composed of 5 petals which 
are frequently wider toward their apices, nar- 
rowing towards base, where they usually unite 
with column. Flowers commonly large, showy, 
and of conspicuous colors. Staminal column com- 
posed of filaments which are united into hollow 
sheath for some distance from base; 5-toothed 
at apex. Filaments extend out from column at 
various positions, usually close to stigma. Style 
runs through column and terminates in 5 
branches, each of which has a terminal discoid 
stigma. Five carpels, each containing several 
ovules, united into a 5-celled ovary. Capsule 
opens loculicidally. Seeds vary in shape from 
reniform to globose, with surfaces from glabrous 
to tomentose. Leaves variously lobed or entire, 
alternate, stipulate, and scarcely to distinctly 
palmately veined. 

The genus Hibiscus seems closely related to 
the genera Paritium and Abutilon. Paritium is 
allied to Hibiscus inasmuch as both genera have 
involucrate calyces which are 5-lobed; also 5- 
style branches with capitate stigmas. The in- 
volucral bracts of Paritium, however, are united, 
whereas those of Hibiscus are free. 

Abutilon and Hibiscus both have carpels with 
2 or more ovules. Abutilon species do not have 
involucral bracts but have staminal columns 
ending in filaments. 

In distinguishing the various taxa under con- 
sideration, the following characters were most 
valuable: bract number (5-10), calyx length 
( 1.0-3.0 cm.), and venation of calyx and leaves. 
Staminal column lengths (2.0-19.0 cm.), ves- 
ture, petal shapes, position of filament exten- 
sion from column, and seeds are also important 
differentiating characters. 
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Hawaiian Hibiscus—ROE 


KEY TO KNOWN HAWAIIAN MEMBERS OF THE GENUS Hibiscus 


A. Corolla yellow B 
B. Calyx 10-veined; petals 3.0-4.0 cm. long. Cc 
C. Leaves deeply lobed; bracts 8-10, glabrous, terete, nonglandular: ‘calyx glandular; petals 

3.0-3.5 cm. long, ca. 2.5 cm. wide; staminal column 4.0-4.5 cm. long....2. H. Brackenridgei 
C. Leaves moderately lobed; bracts 7-8, hirsute, terete, nonglandular; calyx nonglandular; 
petals 3.0—4.0 cm. long, ca. 5.0 cm. wide; staminal column 7.0—8.0 cm. long 
.......5. H. Brackenridgei var. mokuleiana 
B. Calyx 5. veined: petals more than 4.0 cm. long.......... D 
D. Leaves deeply lobed; bracts 8-9, hirsute, terete, re, glandular; calyx songlandular: petals ca. 
5.0 cm. long, 4.3-4.5 cm. wide; staminal column 4.0—5.0 cm. long. 
3. H. Brackenridgei var. molokaiana 
D. Leaves. entire to shallow lobed: ‘beacts 5. hirsute, nonterete, nonglandular; calyx gland- 
ular; petals 5.7-6.0 cm. long, 4.8-5.0 cm. wide; staminal column 2.3—2.5 cm. long 
ae 4. H. Brackenridgei vat. kauaiana 
A. Corolla 1 not 2 yellow. E 
E. Corolla pink; plant densely hirsute: bracts 10-12, bifid, 10-1. 3 cm. long, c ca. 1.0 mm. wide; 
calyx glandular, lobes 2.3-2.5 cm. long, cleft 1.0 cm. from apex oa 1. H. Youngianus 
E. Corolla not pink; entire plant not densely hirsute; calyx nonglandular............ Se 
F. Corolla red G 
G. Calyx glabrous; petioles 2.0-4.0 cm. long; staminal column 5.5-5.7 cm. long; petals 
5.5 cm. long, 3.5 cm. wide. 
H. Calyx 2.8—3.0 cm. long; 1.2 cm. wide; lateral calyx nerves fused immediately below 
6. H. Kokio 
H. Calyx. 2 2 4- 2.5 cm. n. long: 1.0 cm. wide: lateral calyx n nerves fused 5-10 mm. below 
H. Kokio var. pukoonis 
G. Calyx nonglabrous; petioles fess hen 2 0 cm. long; pr more than 5.5 cm. long, less 
than 3.5 cm. wide........... I 
I. Staminal column more than T cm. n. long; peduncles more than 1.0 cm. long J 
J. Calyx cleft 1.2-1.3 cm., pilose; petioles 0.5—1.8 cm. long; petals 6.5—6.7 
long, 2.5—3.0 cm. wide; staminal column ca. 6.0 cm. long......8. H. Saintjohnianus 
J. Calyx cleft 2.0-3.0 cm., pubescent; petioles 0.3-0.8 cm. long; petals 6.0-6.5 
cm. long, 1.0—-1.2 cm. wide............ 9. H. kahilu 
I. Staminal column less than 5 cm. long; peduncles less than 1.0 cm. long 
10. H. New housei 
F. Corolla white K 
K. Staminal column white, leaf margin denticulate, apex rounded 11. H. immaculatus 
K. Staminal column red, leaf margin entire or serrate, apex almost acute ae 
L. Leaves velvety to the touch; calyx cleft 1.0-1.5 cm.; bracts 1.5—2.5 cm. long 
12. H. waimeae 
L. Leaves lack velvety touch; calyx clefe only 0. 5 cm.; bracts 0.5—1.0 cm. long M 
M. Leaves 4—10 cm. long, 4-7 cm. wide, ovate to elliptical-parabolical, glabrous; 
petioles 0.5—2.0 cm. long, glabrous - N 
N. Leaves 8-10 cm. long, 5—7 cm. wide; calyx 2- 3 cm. long 13. H. Arnottianus 
N. Leaves 4-6 cm. long, 4—5 cm. wide; calyx 1-2 cm. long 
14. H. Arnottianus f. parviflora 
M. Leaves 10-25 cm. long, 8-20 cm. wide, ovate-subcordate, pubescent; petioles 
3-12 cm. long, densely puberulent 15. H. Arnottianus var. punaluuensis 
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1. Hibiscus Y oungianus Gaud. ex H. & A. 
Figs. 1--3 


Hibiscus Y oungianus Gaud. ex H. & A. Bot. 
Beechey Voy., p. 79. 1832. 

H. furcellatus Lam. var. Youngianus (Gaud.) 
Hochr., Ann. Conserv. Jard. Geneve, p. 132. 
1900. 


DESCRIPTION. Stiffly erect with a paucity of 
pithy branches, to 3 m. high (average ca. 2.5 
m.), diameter at base ca. 8 cm., hirsute and 
pilose throughout, lateral branches very strongly 
ascending, nearly parallel to the main stem. 
Leaves more abundant above, “Scheele green” 
in color (cf. Ridgway); stipules 5-6 mm. long, 
0.5 mm. wide, pubescent; petioles 9-13 cm. long, 
scabrous; blade 10-12 cm. long, 11-12 cm. wide, 
wide ovate, varying from nearly entire to mod- 
erately lobed, base cordate, upper portions acut- 
ish, margins serrate-dentate, both surfaces scab- 
rous-hispid, this more abundant on the veins; 
veins 5-9, palmately arranged throughout the 
blade. Peduncle axillary, 1.5 cm. long, 3 mm. in 
diameter, puberulent. Involucral bracts 10-12, 
1—1.3 cm. long, ca. | mm. diam.. terete, bifid at 
apex. Calyx “Scheele green” (cf. Ridgway ), 2.2- 
2.5 cm. long, 1.5-1.8 cm. diameter at throat, 
hirsute, cleft 1 cm., lobes lanceolate, veins 10, 
prominent, gland on midvein of each lobe at 
the throat level. Petals “mallow purple” (cf. 
Ridgway ), 5.8-6.5 cm. long, 4-4.5 cm. wide, 
tubular at base, prominently nerved, microscopic 
hairs on both surfaces. Staminal column dark 
maroon-purple, 2.0—3.0 cm. long; free filament 
tips extend 1-2 mm. from column, arranged in 
rings approximately 5 mm. apart; anthers deep 
purple; style inconspicuously exerted; style 
branches 1-2 mm. long, each terminating in a 
1 mm. discoid stigma. Ovary ca. 1.0 cm. long, 
8 mm. in diameter; seeds numerous, 2.8 mm. 
long, 2.0 mm. wide, dark brown, glabrous. 

This species was first brought to our atten- 
tion by Gaudichaud (1826): “...un hibiscus 
nouveau de la section 5 (furcaria) de M. De- 


candolle (h. youngiana) ...” (nomen nudum). 


The first description was made in 1832 by 


a, Cross section of ovary, 


FIG. i. Hibiscus Youngianus Gaud. ex H. & A. Kawainui Swamp, Kailua, Oahu. Roe no. 205. Half scale 
1; staminal column, 1. 
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Hooker and Arnott, who credited the species 
to Gaudichaud, ex Hooker and Arnott. Hille- 
brand (1888) included this species, as did Hel- 
ler (1897). Both authors regarded it as a true 
indigenous species. However, in 1900, Hoch- 
reutiner monographed the genus and reduced 
H. Youngianus to a variety of H. furcellatus 
Lam., and cited specimens of the latter from 
Central and South America as well as from Ha- 
wail, 

I have grown the species in question for 
several years and I know its morphology and 
growth habits well. I have also obtained and 
observed H. furcellatus Lam. and find the two 
populations very similar. It is easy to see how 
Hochreutiner arrived at his conclusion. How- 
ever, after examining them minutely I feel that 
their differences warrant the classification of 
them as distinct species. 

Table | shows several important distinguish- 
ing characteristics. 

Skottsberg (1926) reviewed Hochreutiner’s 
revision and concluded that the latter's proposed 
close proximity of H. Youngianus and H. fur- 
cellatus was an improbable one. 

A contradiction regarding locality might also 
be thought to exist when comparing a state- 
ment of Hillebrand’s found in small print fol- 
lowing his description of H. Youngianus (“In 
marshes and abandoned taro patches here and 
there on all the islands....”) with a statement 
of Mrs. Sinclair's (1885) that the species 


...was once a common flower in nearly all 
valleys and sheltered places; seeming to flourish 
equally well on both the leeward and windward 
sides of the islands. Now cattle and cultivation 
have almost exterminated the plant on the dry 
lee-side, but it is still frequently met with on 
the windward side; where, owing to the more 
luxuriant vegetation, many plants, which have 
disappeared from the leeward side, are still 
found. The Hauhele [sic] was once so plentiful 
in many parts that the ‘aho’ (thatching sticks) of 
the houses were made of the stems, and any- 
one who knows what a great quantity of ‘aho' a 
single, old-fashioned house required, will readily 
see how abundant the plant must have been. 
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TABLE 1 


H. Youngianus 


| length 5—6 mm. 
vesture hirsute 


Stipules 
Leaf € ol or 
Leaf shape.. apex acute 

blade roundly lobed 
puberulent, hirsute 
length 1—1.3 cm. 
vesture densely hispid 


Stem 
Bracts 


hairs 1—-1.5 mm. in length 
sepal length 2.2—2.5 cm. 
calyx diameter at throat 1.5—1.8 cm. 


Ca!yx of fresh flower 


densely hispid 


| cleft 1 cm. from sepal apex 


veins raised 
length 5.8—6.5 cm. 
| width 4—4.5 cm. 
| color, “mallow purple 


Petals 


Hillebrand is correct in stating that H. Young- 
ianus is a marshland plant, for I have collected 
it growing in several inches of water in the cen- 
tral area of Kawainui Swamp, Oahu, and sim- 
ilarly in water at the foot of Wailua Falls, Kauai. 
But likewise, Mrs. Sinclair could be correct in 
her statement of locality, for I have recently 
observed it in upper Manoa on a rather dry 


slope, but in a rainy belt. The species, however, 


grows more luxuriantly and flowers continually 
in a wet environment. I have grown it in areas 


FiG. 2. Hibiscus Y oungianus Gaud. ex H. & A. 


“Scheele green” (yellowish green) 


(deep pink) 


H. furcellatus 


length 8-10 mm. 
vesture short, stellate 
“grass green” (bluish green) 
acuminate 
| blade acutely cleft 
| pilose 
length 1.5-—2.1 cm. 
vesture short, stellate 
hairs microscopic 
sepal length 1.7-1.8 
calyx diameter at throat 1.1—1.3 cm. 
sparsely hispid 
| cleft 1.8 cm. from sepal apex 
| veins extremely raised 
length 4—5 cm. 
| width 2.5—3 cm. 
color, light “phlox purple” (pale pink) 


of little rainfall. It continues to grow, but much 
less vigorously than in swamp areas. 

Heller (1897) is incorrect in stating, “It is 
found only on Oahu.” It has been collected on 
all of the major islands except Molokai, Lanai, 
and Niihau. (See Fig. 3.) 

SPECIMENS EXAMINED: Hawaii: Rainbow 
Falls, May 16, 1915, C. N. Forbes 525.H. Lava 
flow near Hilo, May 17, 1915, C. N. Forbes 
545.H. 

Kauai: Hanalei, August 4, 1909, C. N. Forbes 
128.K. Wailua Falls, October 5, 1916, C. N. 
Forbes 498.K. Wailua Falls, July 26, 1957, on 
the bank of the pool at the bottom of the falls, 
Roe 251. Weoweopilau Stream, on banks of 
stream near cane fields, altitude 500 feet, July 
28, 1957, Roe 256. 

Maui: Haleakala, October 10, 1922, Skotts- 
berg 793. 

Oahu: Woodlawn, Manoa, October 2, 1933, 
Neal. Waihole Valley, November 4, 1938, Neal. 
Waihole Ditch, May 1957, Pearsall. Kawainui 
Swamp, Kailua, May 4, 1930, St. John. Manoa 
about 500 yards off Woodlawn Drive, about 14 
mile west of Old Ti Slide, altitude 550 ft., Octo- 
ber 31, 1956, Roe 203. Kawainui Swamp, Kai- 
lua; plant growing in water, December 31, 1956, 
Roe 205. 

Hawatian Islands: H. Mann & W. T. Brig- 
ham 598. Onekahakale Beach, August 15, 1936 
V. O. Fosberg 64. 
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FIG. 3. Distribution of Hibiscus Youngianus. Solid circles indicate localities for which exact data are avail- 
able; open circles represent localities where species have been reported but plants are unavailable. 


2. Hibiscus Brackenridgei Asa Gray 
Figs. 4, 5 


Hibiscus Brackenridgei Asa Gray. Bot. U. S. 
Expl. Exped., p. 175. 1838. 


DESCRIPTION: Shrubby plant, glabrous, leafy. 
Leaves rounded in outline and subcordate, diam- 
eter 5-10 cm., 5-7 lobes separated by acute and 
narrow sinuses, coarsely toothed, terminal lobe 
prolonged. Stipules setaceous, caducous. Flowers 
axillary; peduncle 5 mm. long, puberulent and 
sparingly hispid; bracts 8, rigid, setaceous- 
subulate, glabrous, nonglanduliferous. Calyx his- 
pid, cleft to below the middle, lanceolate lobes 
each bearing dorsal gland on midrib near the 
base. Corolla yellow, green when dry. Petals 
4-5 cm. long, externally stellate, pubescent. 
Staminal column antheriferous throughout, apex 
5-toothed. Style branches hirsute; stigmas de- 
pressed-capitate. Ovary densely villous-hispid. 
Capsule 2 cm. long, ovoid, closely invested by 
calyx, silky-hispid. Seeds angled, minutely to- 
mentose. 

HOLOTYPE: From West Division of Maui, in 
Gray Herbarium. (In the Bishop Museum Her- 
barium are preserved a leaf and fruit of mate- 
rial used by Gray.) 


SPECIMENS EXAMINED: Lanai; Maunalei, 
March 1918, G. C. Munro 638. Awalua, January 
1919, Munro. Kanepuu, June 15, 1927, Munro. 
Kaena, April 1921, Munro. Puhiehelu, May, 
1921, Munro. 

Maui; Pohakea Gulch, West Maui, on a very 
arid slope, June 11, 1927, Degener and Wiebke 
3634, 3635. Brown Hill, Kula, Hillebrand and 
Lydgate. 

H. Brackenridgei, in at least one of its forms, 
has been reported and collected on the islands 
of Oahu, Maui, Lanai, Molokai, Kauai, and Ka- 
hoolawe. After gathering together specimens, 
descriptions, and illustrations of the group, and 
after studying the original type specimen, de- 
scription, and locality, the following conclusions 
have been reached. There are at least four dis- 
tinct groups in the population. As the original 
plant described by Gray (1854) was located 
“on a mountain in the west division of Maui,” 
this Maui plant, a portion of which type speci- 
men is in the Bishop Museum Herbarium, is 
rightly the true H. Brackenridgei Gray. 

In 1930 Caum published two varieties: H. 
Brackenridgei Gray vat. molokaiana Rock and 
var. kauaiana Caum. The holotypes for these two 
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FIG. 5. Distribution of Hibiscus Brackenridgei populations: 
Solid circles, H. Brackenridgei (exact data) 
Open circles, H. Brackenridget (plants unavailable ) 
Solid squares, var. molokaiana (exact data) 
Open squares, var. molokaiana (plants unavailable) 
Solid triangles, var. kauaiana (exact data) 
Open triangles, var. kauaiana (plants unavailable) 
X, var. mokuleiana (exact data) 


varieties are at the Bishop Museum. 

I have studied various specimens of the Lanai 
plants and cannot find sufficient difference from 
the Maui population to maintain it as an en- 
demic variety. 

We have records that Jules Remy made col- 
lections of this species on the island of Kahoo- 
lawe between 1851-1855 (Remy no. 559). 
Remy’s specimens are not available and the 
plants can no longer be found on Kahoolawe, 
sO a statement cannot be made regarding their 
taxonomy. 


3. Hibiscus Brackenridge: var. molokaiana Rock 
Figs. 5, 6 
Hibiscus Brackenridgei Gray var. molokaiana 


Rock. New Hawaiian Plants, Bishop Mus. 
Occ. Pap. 9(5): 4, pls. 2, 3. 1930. 


DESCRIPTION: Straggling shrub; leaves 6-8 
cm. long, deeply lobed; involucral bracts 8-9, 
linear, subulate, terete, glanduliferous on inner 
side, 2.5 cm. long, 2.5 mm. wide, hirsute with 
long yellowish hairs, adnate to base of calyx. 
Calyx “carmine red,” 1.5-2.0 cm. long, lobes 
prominently midribbed and nonglandular. Co- 
rolla “canary yellow,” tube “deep purple.” Petals 
5 cm. long, 4.5 cm. wide, 10-12 veined, stellate 
puberulence on outside. Ovary densely villous- 
pubescent with whitish hairs. Staminal column 
4 cm. long, irregularly antheriferous, naked at 
the base for 1 cm., puberulent. Free filament 
tips 2.5 mm. long. Style branches 2 mm. long, 
hirsute. Stigmas depressed, capitate. 

HOLOTYPE: Rock, west end of Molokai, Feb- 
ruary 1920. 

This variety was first found by Rock on west- 


Fic. 4. Hibiscus Brackenridgei Gray. From West Maui. (This illustration, presented by Otto Degener, was 
made from his specimens collected on Maui.) 
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ern Molokai, back of Kalaeokalaau in 1910, and 
collected there by him again in 1920. Cuttings 
were made and several plants were cultivated at 
the “Rockery” on the University of Hawaii 
campus. I have since tried to find traces of this 
variety again on Molokai but with little success. 
Henry Wiebke, principal of Holomua School, 
Hoolehua, told me that he collected it in the 
late 1920's but cannot find it now. Mrs. Cooke, 
Molokai resident, is anxious to preserve the 
variety also but has been unable to locate it. 
(She did have several plants growing along her 
driveway until a few years ago.) 


4. Hibiscus Brackenridgei vat. kauaiana Caum 
Figs. 5, 7 


Hibiscus Brackenridgei Gray var. kauaiana 
Caum. New Hawaiian Plants, Bishop Mus. 
Occ. Pap. 9(5): 5-6, pl. 4. 1930. 


DESCRIPTION: Erect to spreading shrub to | 
m. Leaves dentate, cordate, 8 cm. long, 8 cm. 
wide, shallowly 3-lobed, densely pubescent on 
both surfaces. Petioles 4-5 cm. long, pubescent. 
Stipules setaceous. Peduncles 1.5 cm. long; 5 
bracts, 3 cm. long, 8 mm. wide, halberd-shaped, 
not terete, not glanduliferous, hirsute with short 
hair. Calyx 2.5 cm. long, triangular lobes each 
with an oblong gland at the base of a thick mid- 


Fic. 6. 
Rock. (Picture taken by Joseph F. Rock.) 


Hibiscus Brackeuridgei var. molokaiana 
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rib, hirsute with colorless hairs, glabrous on in- 
ner surface. Corolla 12 cm. in diameter, “lemon 
yellow” to “canary yellow,” dark “reddish-pur- 
ple” throat 3 cm. deep. Petals spreading, slightly 
reflexed at tips, 6 cm. long, 5 cm. wide, 14—16 
nerved. Ovary pubescent with colorless hairs. 
Staminal column 3 cm. long, irregularly an- 
theriferous for entire length, glabrous; lower 
filaments 5 mm. long, upper ones shorter. Style 
branches 2 mm. long, hirsute. Stigmas capitate, 
depressed, deep “reddish-purple.” Capsule ovoid, 
acute at tip, 2.5 cm. high, 17 mm. maximum 
diameter. Seeds broad-reniform, 3 mm. long, 
hirsute with short gray hair. 

HOLOTYPE: E. L. Caum. From plants in cul- 
tivation at 1420 Piikoi Street, Honolulu. 

SPECIMENS EXAMINED: Kawai: Waiawa, 
April 1919, Rock 16038; also Rock 17141. “V. 
Knudsen’s home,” 1919, Rock. Waimea, near 
Hale Manu, altitude 3300 feet, July 28, 1957, 
Roe 253, 254, 257. 

Oahu: 1420 Piikoi Street, cuttings from orig- 
inal type plant, Cawm. 1508 Alexander Street, 
cuttings from Hale Manu plant, Roe 307. 

H. Brackenridgei vat. kauaiana is quite un- 
common. I located it at Hale Manu near Kokee, 
but there were only three plants of it at this 
location. In tracing its origin to the Waimea 
area I found cuttings had been brought up there 
from a wild plant at a lower elevation. The 
original plant has not been found. 

Several collectors, including Rock, have men- 
tioned two distinct varieties of H. Bracken- 
ridgei on Kauai, one more arborescent than var. 
kauaiana Caum. In 1957 I made cuttings of a 
plant not in flower on Kauai that I felt had 
different growth habits. This plant is in cul- 
tivation now, with one also thought to be of 
this arborescent Kauai variety, given to me in 
July, 1958, by Rock. They have not flowered, 
sO at present taxonomic judgment cannot be 
passed on their distinctness. 


5. Hibiscus Brackenridgei var. mokuleiana 
nov. var. 


Figs. 5, 8 


DESCRIPTION: Arbor 10-12 m. alta basi 20- 
25 cm. diametro. Stipulis 1-2 cm. longis pilosis. 
Petiolo 6-9 cm. longo piloso, lamina 9-11 cm. 
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longa 8-10 cm. lata, 5-lobatis sinibus angustis, 
basi cordate, margine serrata, nervis palmatis. 
Pedunculo 1.5 cm. longo, piloso echinatoque. 
Bracteis 7-8, 2—3 cm. longis subulatis teretibus, 
nonglanduliferibus, hispidis. Calyce campanu- 
lata 3-4 cm. longa, 1.5-1.8 cm. lata lobis 
eglanduliferis inter lobos 1.5 cm. partitis extus 
hispida deci-nervata. Corolla citrea, tubo atro 
purpureo. Petalis 8-10 cm. longis 5-8 cm. latis 
extus pubescentis, 12-16 nervatis. Ovario 0.8- 
1.0 cm. longo, 5 cm. lato, dense albo-villoso. 
Columna staminea 7-8 cm. longa puberula ex- 
tremitates filamentorum liberae verticillatae per 
totam columnam longitudinem exsertae, ramuli 
styli 2 mm. longi tomentosi, stigmis capitatis 
compressis. Capsula 2.0-2.5 cm. longa lignea 
pilosa. Seminibus angulosis hirsutis. 

Tree 10-12 m. tall, 20-25 cm. in diameter 
at base. Stipules 1-2 cm. long, pilose. Petiole 
6-9 cm. long, pilose. Leaf 9-11 cm. long, 8-10 
cm. wide, 5-lobed with narrow sinuses, base 
cordate, apex acute, margin serrate, palmately 
veined. Peduncle 1.5 cm. long, pilose and 
bristly; bracts 7-8, 2-3 cm. long, subulate, terete, 
nonglanduliferous, hirsute hairs 2—3 mm. long; 
calyx campanulate, 3-4 cm. long, 1.5-1.8 cm. 
wide, lobes nonglanduliferous, cleft 1.5 cm. from 
apex, hirsute with colorless hair on outer sur- 
face, inner surface glabrous, 10-veined. Corolla 
“lemon yellow,” tube “deep purple.” Petals 8- 
10 cm. long, 5-8 cm. wide, pubescent on outer 
surface, 12—16-veined. Ovary 0.8—1.0 cm. long, 
5 cm. in diameter, densely pubescent with white 
villous hairs. Staminal column 7-8 cm. long, 
puberulent, free filament tips extend in rings 
the entire length of column. Style branches 2 
mm. long, tomentose. Stigmas capitate, depressed. 
Capsule 2.0-2.5 cm. long, woody, pilose. Seeds 
angulate, hirsute. 

HOLOTYPE: Roe 210. Second gulch east of 
Mt. Kaala, Oahu. Altitude 600 feet; about 40 
ft. up a stream bank. 

SPECIMENS EXAMINED: Oahu: Gulch north 
of middle ridge between Puu Kamaokanui and 
Puu Pane, Jan. 10, 1932, O. Degener 8961, 
also 8962, 8963. First small gulch northwest of 
Puu Pane Peak, April 2, 1950, O. Degener 
20943. Kapalama Heights, Kamehameha Girls 


Fic. 7. Hibiscus Brackenridgei var. kauaiana Caum. 


School (in cultivation) March 21, 1932, A. F. 
Judd. Waianae Mountains, near Mokuleia Forest 
Reserve, near valley on slope of Puu Iki, altitude 
500 ft. May 13, 1941, Karl Korte. Waianae 
Mountains, Mokaleha Cliffs, May 1917, Rock 


12986. Waianae Mountains, Mokuleia area, Feb- 
ruary 16, 1957, Roe 219. In cultivation on Alex- 
ander Street, Honolulu, April 9, 1958, Roe 269. 
Waianae Mountains, Mokuleia, second gulch 
east of Puu Kaupakuhale, northeast of Puu 
Kaala, May 14, 1933, St. John 13184. 

There exists on Oahu in the Mokuleia sec- 
tion a population of the species that shows dis- 
tinct differences from the original Maui plants. 
This Mokuleia variety has been collected by 
Rock, A. F. Judd, Potter, St. John, Degener, K. 
H. Korte, and others. Degener made a notation 
on his plants nos. 8961, 8962, 8963 from this 
area, stating that this was a variety of H. Brack- 
enridgei Gray. Rock recently gave me a photo 
of a tree of this taxon and on the back of the 
picture he had written “Hibiscus Brackenridgei 
var., 1917. J. F. Rock, Makaleha Cliffs, No. 12, 
986.” 

This variety takes the form of an erect tree 
(reaching 30 ft.). It differs from the species 
in its leaf shape, size, and pubescence, and in 
bract number and surface lengths of petiole, 
stipules, calyx, petals, and column. 
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SUMMARY OF DISTINGUISHING CHARACTERS 
OF H. Brackenridgei POPULATIONS 


Upon observation of the H. Brackenridgei 
populations, it is evident that four groups are 
distinct. Var. molokaiana stands apart for its 
long petioles and small, deeply lobed leaves; var. 
kauaiana has larger leaves, entire to shallow 
lobed; and var. mokuleiana is definitely arbores- 
cent, bearing larger flowers. Table 2 compares 
the differentiating characters. 


6. Hibiscus Kokio Hbd. 

Figs. 9-11 

Hibiscus Kokio Hillebrand. Flora of the Ha- 
waiian Islands, p. 173. 1873. 

H. Boryanus Hook & Arn. Bot. Beechey Voy., 
p. 79. 1841. 

H. Arnottianus A. Gray in Bot. U. S. Expl. 
Exped. 1: 176 (pro parte). 1854. 

H. Arnottianus vat. Kokio Hochr. Ann. 
Conserv. Jard. Bot. Geneve 4: 133. 1900. 

H. Arnottianus forma Sinclair. Indig. Fl. Haw. 
Isl., p. 9. 1885. 


DESCRIPTION: Tall shrub with straggly 
branches from the base, growing to 20 ft.; few 


CHARACTERS H. Brackenrid gei 


TABLE 2 
DISTINGUISHING CHARACTERS OF H. Brackenridgei POPULATION 


VAR. molokaiana 
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lateral branches. Stipules 8 mm. long, glabrous. 
Petioles, 2-4 cm. long. Leaves 9--12 cm. long, 
4—6 cm. wide, elliptical-ovate, long-acuminate 
apex, margin sinuately crenate, smooth surface, 
scarcely palmately veined. Peduncle 3.0 cm., 
articulate 5 mm. from involucre base. Involucre 
6-7 lanceolate bracts, 1.3 cm. long, 1.5 mm. 
wide, slightly puberulent. Calyx 2.5-2.8 cm. 
long, 1.3 cm. wide, 10-veined, cleft 1 cm. from 
tips, 5 lobes, lanceolate, no glands, “lettuce green” 
in color, glabrate. Flowers axillary. Staminal 
column 5.5 cm. long, “scarlet red.” Free filament 
tips extend 4 mm. from column, occupy apical 
1.5 cm. of column. Style extension 4 mm.,; style 
branches (horizontal) 8 mm. long. Petals 5.5 
cm. long, 3.5 cm. wide, “scarlet red.” Ovary 
truncate-conical, 6 mm. long, 4 mm. wide, 
pubescent (short, colorless hairs). Capsule gla- 
brous, 2.5 cm. long. Seed reniform, 4 mm. long, 
brown, coarsely pubescent. 

The nomenclature of this taxon is closely 
correlated with that of H. Arnottianus Gray. A 
discussion of their confusion can be found in 
the section of this paper dealing with the latter 
species. Gray's original description of H. Ar- 
nottianus included a fragment of a red-flowered 
hibiscus as well as the white. 


VAR. kauaiana VAR. mokuleiana 


Growth habits shrub rambling shrub rambling shrub tree to 30 ft. 
Leaf lobing deeply cleft (S—7) deeply cleft (5) shallow-lobed (3) moderately lobed 
Leaf length 5 cm. 3—5 cm. 7-9 cm 9-11 cm. 

width.. 5 cm. 5—6 cm. 7-9 cm. 8-10 cm. 
Stipules . 0.5—1 cm. long 1 cm. long 1 cm. long 1—2 cm. long 
Se nearly glabrous puberulent densely pubescent puberulent 
Bract number.. | 8—10 8-9 5 | 7-8 


Bract shape. 
Bract glands 


setaceous, terete 
none 


subulate, terete 
glands on inner 


hastate, not terete 
none 


subulate, terete 
none 


side 

Bract surface almost glabrous hirsute hirsute hirsute 
Bract length 1 cm. 2.5 cm. 3.0 cm. 2-3 cm. 
Calyx venation. 10-veined 5-veined 5-veined 10-veined 
Calyx length.................. 1.5 cm. 1.5 cm. 2.5 cm. 3—4 cm. 

1.5 cm. 1.0 cm. 1—1.5 cm. 1.5 cm. 
Calyx glands..... present none present none 
Petal length 3.5 cm. 5.0 cm. 6.0 cm. 8-10 cm. 

width 2.5—3 cm. 4.5 cm. 5.0 cm. 5-8 cm. 
Column length 4.0 cm. 4-5 cm. 2.5 cm. 7-8 cm. 

naked at base for 1 ~—s naked at base for 1 | completely antheri- completely 


cm. 


cm. 


ferous 


antheriferous 
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FIG. 8. Hthiscus Brackenridgei vat. mokuleiana Roe. (Picture was presented by Joseph 
F. Rock.) 
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Fic. 9. Hibiscus Kokio Hbd. Plant collected on Nov. 23, 1956 at Kawaiiki Ditch Dam. Roe no. 204. 
(Thin straggly branch reaching 30 ft. in length.) Altitude 1,080 fe. 
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This red flower, as insignificant as it is in 
comparison with other luxuriant Hawaiian 
members of the genus, was designated in 1923 
as the official flower of the Hawaiian Islands. 
This specimen has been collected by many bot- 
anists at the end of the Kawaiiki Ditch Trail 
overhanging the dam (Kawailoa, Koolau 
Range, elevation 1,080 ft.). From this location, 
many cuttings have been made and brought to 
cultivation. 

As H. Kokio is known to hybridize freely, 
taxonomists hesitate to classify new groups. 
However, there seems to be a native red- 
flowered plant on eastern Kauai still undescribed. 
Sufficient material is not available to permit 
satisfactory classification; however, it appears 
that this group is a new species, closely allied to 
H. Kokio Gray and H. kahilii Forbes. The re- 
maining Kauai native reds fall into either of 
the latter two taxa or that of the newly estab- 
lished species, H. Saintjohnianus. 

At Puu Ka Pele in Waimea the Kokee 
rangers recently reported a red-flowered hibis- 
cus. This has been collected by several botanists 
who have labelled it Hibiscus sp. After bring- 
ing it to cultivation and watching it for a year, 
the author has concluded that it is an introduced 
species bearing a large, reddish-purple flower. 

HOLOTYPE: Fragment of the original type 
now in the Bishop Museum Herbarium reads 
“Ex Museo botanico Berolinensi.” (From cul- 
tivated species in Hillebrand’s garden.) 

SPECIMENS EXAMINED: Kazat; In cultivation, 
1913, Dewitt Alexander. Nonau Mountains, Oct. 
16, 1916, C. N. Forbes 599.K. West side of 
Nualolu Pali, Waimea Drainage Basin, July 3, 
1917, C. N. Forbes 963.K. 

Oahu: Kanaikupai, Waianae Range, February 
14, 1913, C. N. Forbes 1814.0. Kalihi Valley, 
October 1928, A. F. Judd 37. In cultivation 
at Queen Liliuokalani’s Residence, Honolulu, 
Spring, 1916, Rock. Kawaiiki Ditch Trail, Ka- 
wailoa, Koolau Range, altitude 1080 feet, No- 
vember 23, 1956, Roe 204. In cultivation at 
Foster Gardens, Honolulu, July 7, 1957, Roe 
226. In cultivation at the Hibiscus Gardens at 
Waikiki, July 11, 1958, Roe. Ditch Trail (near 
intake), Koolau Range, 1922, Skottsberg 203. 
In cultivation, Honolulu, 1913, Gerrit P. Wilder. 


Fic. 10. Hibiscus Kokio Hbd. 


Hawatian Islands: H. Mann and W. T. Brig- 
ham, 218. 


7. Hibiscus Kokio vat. pukoonis Caum 
Fig. 11 
Hibiscus Kokio vat. pukoonis Caum. New 


Hawaiian Plants, Bishop Mus. Occ. Pap. 
9(5): 7. 1930. 


DESCRIPTION: A shrub 2—3 meters tall. Stip- 
ules 0.5-0.8 cm. long, setaceous. Petioles 2-4 
cm. long. Leaves 8-12 cm. long, 4-7 cm. wide, 
ovate to elliptico-oblong, acuminate, sinuately 
crenate, scarcely palmately veined; soft-chartace- 
ous. Peduncles 2.5—4.5 cm. long, solitary in axils 
near end of branches. Bracts 6-8, linear-lance- 
olate, 10-15 mm. long, 1.0-1.5 mm. wide, not 
adnate to clayx, glabrate. Calyx 2.5 cm. long, 
1.0-1.3 cm. wide, cleft for 1.0 cm.; lobes acute, 
glabrate, tripli-nerved, the lateral nerves fuse 
0.5-1.0 cm. below cleft, the calyx being 10- 
nerved at the base, nonglanduliferous. Petals 3— 
3.5 cm. wide, 6-nerved, slightly ciliate at mar- 
gin, obovate, “scarlet red.” Staminal column 5.0- 
6.0 cm. long, slender, light red, glabrous, acutely 
5-lobed; free filament tips extend 0.3-0.4 cm. 
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from column, crowded on distai fifth of column 
Style extension 2 mm. above column, branches 
0.7 cm. long, red, ciliate, spreading slightly up- 
ward from the horizontal. Stigmas capitate, 0.1 
cm. in diameter, red. Ovary truncate-conical, 
0.5 cm. long, 0.3 cm. wide, scarcely puberulent 
with short appressed colorless hairs. Capsule 
glabrous, 1.5-2.0 cm. long. Seeds reniform, 0.4— 
0.5 cm. long, brown, coarsely pubescent. 

In 1930, Caum published a variety of H. 
Kokio which he had collected just inside the 
native forest at the bottom of Pukoo Valley on 
Molokai (E. L. Caum, no. 155, Feb., 1921). He 
named this group of plants var. pukoonis. These 
plants do not flower freely and very rarely set 
fruit. They differ from the species in the tex- 
ture and other characters of the leaf, petal shape 
and color, venation of the calyx, and other 
characters. 

HOLOTYPE: E. L. Caum no. 155. Planted at 
Caum’s Honolulu residence (1420 Piikoi St.), 
taken from bottom of Pukoo Valley, Molokai, 
just inside the native forest, February, 1921. 
(Specimen in the Herbarium of Bishop Mu- 
seum. 


Fic. 11. Distribution of Hibiscus Kokio populations 
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SPECIMENS EXAMINED: Molokai: Wailau 
Trail, 1912, C. N. Forbes 327.Mo. Halawa (the 
ridge south of the valley), August 1912, C. N. 
Forbes 472.Mo. Moist woods of Wailau Valley, 
elevation 500 feet, July 3, 1933, St. John 13230. 

Oahu: In cultivation 1420 Piikoi St., Hono- 
lulu, October 8, 1930, E. L. Caum 155 (dupli- 
cate). In cultivation in the University of Ha- 
waii Arboretum, October 25, 1956, Roe 202; 
also April 14, 1957, Roe 222. In cultivation on 
Alexander Street, Honolulu, May 30, 1958, Roe 
270. In cultivation, 2365 Oahu Avenue (brought 
from Molokai by W. T. Pope), 1931, St. John 
11170. 


8. Hibiscus Saintjohnianus sp. nov. 
Figs. 12-14 


DESCRIPTION: Arbor 6 m. alta basi 5-8 cm. 
in diametro. Stipulis 7-12 mm. longis. Petiolo 
0.5-2.0 cm. longo piloso; lamina 6-12 cm. 


longa 3—5 cm. lata elliptica vel oblonga, margine 
basi versus integro, nervo medio conspicuo, 


nervis haud palmatis, viride spinacii colorata 
(cf. Ridgway). Pedunculo 1-1.5 cm. longo 3 


Solid circles, Hibiscus Kokio 


Open circles, Hibiscus 


Kokio var. pukoonis 
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FIG. 12. Hibiscus Saintjohnianus Roe. Headland west of Hanakaiai. Napali Coast, Kauai. Altitude 700 ft 
St. John 25989. Dec. 22, 1956 
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mm. infra involucrum articulato; bracteis 7-8 
lanceolatis S-8 mm. longis. Calyce 3 cm. longo 
1.5-1.8 cm. lato tubulato partito 1-1.3 cm. 
piloso 10-nervato lobis acutis viride lactucae 
coloratis (cf. Ridgway); petalis 6.5 cm. longis 
2.5-3.0 latis rubro-coralaceis coloratis extus pub- 
escentis; columna staminarum 6 cm. longa gra- 
cilis glabra in apice 5-lobata acuti, apicibus fil- 
amentium liberis 4-5 mm. longis in quarta 
superiore columnae collacatis. Ramuli styli 5, 
1.0 cm. longi modice puberulenti in 1.5 mm. 
stigma globosa terminanti. Ovario 5-loculare 
1.0 cm. longis 6-8 mm. latis. Capsula 2.0 cm. 
longa 2.5 cm. lata superne. Seminibus 4 mm. 
longis 3 mm. latis globoso-reniformibus, fusco- 
sericeis. 

Tree 6 m. tall, diameter at base 5-8 cm. Stip- 
ules 7-12 mm. long. Petiole 0.5-2 cm., slightly 
pilose. Leaves 6-12 cm. long, 3-5 cm. wide, 
elliptic-oblong, upper three-fourths of margin 
serrate, lower fourth entire, midrib prominent, 
veins scarcely palmate, “spinach green.” Ped- 
uncle 1—1.5 cm. long, articulate 3 mm. below 
the involucre. Lanceolate bracts 7-8, 5-8 mm. 
long. Calyx tubular, 3 cm. long, 1.5-1.8 cm. 
wide, cleft for 1-1.3 cm., lobes acute, pilose, 
10-nerved, “lettuce green.” Petals laterally sub- 
falcate, 6.5 cm. long, 2.5-3.0 cm. wide, “coral 
red,” puberulent on outer surface. Staminal 
column 6 cm. long, slender, glabrous, apex 
a_utely 5-lobed. Free filament tips extend 4—5 
mm. from column, located on the upper fourth 
of column. The 5-style branches slightly puberu- 
lent, 1 cm. long, each terminating in a 1.5 mm. 
discoid stigma. Ovary 5-parted, 1 cm. long, 6- 
8 mm. wide. Capsule 2.0 cm. long, 2.5 cm. wide 
at upper section. Seeds 4 mm. long, 3 mm. wide, 
globose-reniform, covered with a seriaceous pu- 
bescence, dark brown. 

HOLOTYPE: Headland west of Hanakapiai, 
Napali Coast, Kauai. Altitude—700 feet; on 
partly precipitous slope. December 22, 1956. 
H. St. John 25,989. 


SPECIMENS EXAMINED: Kawai; Hanakoa, al- 
titude of 500 ft., Jan. 12, 1956, H. F. Clay. Kala- 
lau Trail, Hanakapiai, September 1913, C. N. 
Forbes 462.K. Hanakapiai, between Hanakapiai 
Stream and Hoolulu Stream, 450 m. alt., Decem- 
ber 24, 1956, I. E. Lane 56-561. In cultivation at 
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Fic. 13. Hibiscus Saintjohnianus Roe. (Picture 
taken by Irwin Lane on the Napali Coast, Kauai.) 


Eleele, brought there from Awaawa Puhi Trail, 
Na Pali Kona Reserve, Waimea, July 29, 1957, 
Roe 258. In cultivation at Alexander Street, 
Honclulu; brought from Na Pali Cliff Trail, 
June 1, 1958, Roe 271. 

This species was brought to my attention by 
H. St. John, who has made several collections 
of it from Hanakapiai, Napali coast, Kauai. Ir 
has been confused with H. Kokio Hbd. and H. 
kahilit Forbes. To one who is familiar with 
these two native species, this plant is differen- 
tiated by the distinct leaf shape and by the 
vermilion-orange corolla. It has closest affinity 
to H. Kokio, from which it differs by its longer 
stipules, shorter bracts, larger calyx, longer yet 
narrower petals, longer staminal column, larger 
ovary, longer style branches, and shorter pe- 
duncle. 

There are records at the Bishop Museum 
stating that J. M. Lydgate brought it to cultiva- 
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tion at his home on Kauai. I investigated the 
grounds of his estate in 1957, desiring to locate 
this and other native Hibiscus that have been 
recorded as planted there by him, but none of 
them remain. 

This species is in cultivation on Kauai, as I 
recognized it on several occasions, collecting it 
in Eleele. The Eleele plants were recorded as 
having been brought from Awaawa Puhi Trail, 
Na Pali Kona Reserve (Waimea). 

Irwin Lane, University of Hawaii, located the 
species in 1957 at Hanakapiai. 

I have the plant in cultivation on Alexander 
Street, Honolulu. It is also growing at Foster 
Botanical Gardens in Honolulu. Both plants are 
from cuttings made by St. John on the Napali 
coast, Kauai. 


9. Hibiscus kahilii C. N. Forbes 
Fig. 14 


Hibiscus kahilii C. N. Forbes. New Hawai- 
ian Plants, Bishop Mus. Occ. Pap. 5(1): 
4. 1912. 


DESCRIPTION: Tree growing to 8 m. Petiole 
3-8 mm. long, scabrous on both sides of blade 
and petiole. Leaves 5—7 cm. long, 3—5 cm. wide, 
ovate-elliptic, margin serrate on the upper half, 
lower portion entire. Peduncles 1.5 cm. long, 
flowers axillary. Calyx 2.5—3.0 cm. long, 1-1.5 
cm. width at throat, cleft 2-3 mm. from top, 
pubescent. Petals 6.0-6.5 cm. long, 1.0 cm. wide, 
bright red, pubescent on outer side only, oblong- 
spatulate. Staminal column 5 cm. long. Styles 
8-10 mm. long. Capsule unknown. 

HOLOTYPE: Near Wahiawa Swamp, foot of 
Mt. Kahili, Wahiawa Mountains, Aug., 1909. 
C. N. Forbes 259.K. 

SPECIMENS EXAMINED: Kawai: Wahiawa 
Mountains, Lydgate. May 1909, Rock 40 (2701). 
Northwest facing slope, ridge 34 mile north of 
Laakahi, Koloa, 900 ft. altitude, moist gulch, 
December 24, 1947, St. John 23023. 

Oahu: \n cultivation on Palolo Street, brought 
there from Kauai, Oct. 25, 1956, Roe 201. 

This species was described by Charles N. 
Forbes in 1911. It is closely related to H. Kokio 
Hillebrand, from which it differs by its pubes- 
cent calyx, smaller leaf, shorter petioles, shorter 
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peduncle, longer yet narrower petals, shallower 
cleft, and longer style extension. 

This species is poorly known. Forbes claimed 
it was first collected by Lydgate several years 
before he made his type collection in August, 
1909. Rock (19134) cited Forbes’ species but 
did not give it lengthy treatment. Rock recently 
tried to find H. kahilii again on Kauai but was 
unsuccessful. In a letter dated August 15, 1958, 
from Albert Duvel, Kauai forester, we find H. 
kahilii still difficult to obtain. Duvel wrote, “I 
am not able to locate a place or specimen of 
H. kabilii.” The last record of it in its native 
environment was in 1947, when St. John (no. 
23,023) collected the species on a ridge .75 mi. 
north of Laaukahi, Koloa, Kauai. It was in a 
moist gulch at 900 ft. altitude. This species has 
been found in cultivation in Honolulu. 

In the herbarium at the Bishop Museum there 
are several specimens of a plant closely allied to 
Hibiscus kahilii. These were collected by Forbes 
(643.K) on October 22, 1916, in the Hii Moun- 
tains, Kauai. This population is undoubtedly a 
variety of H. kahilii, as it resembles it in most 
characters. The stem surface of these specimens 
is distinct, and the leaves are larger and by far 
more pubescent. I am unable to completely 
describe this variety at present, as sufficient 
material is not at hand. It has not been reported 
since 1916. 


Fic. 14. Distribution of H. kabilii and H. Saint- 
jobnianus: 
Solid circles, H. kabilii 
Solid triangles, H. Saintjohnianus 
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10. Hibiscus Newhousei sp. nov. 
Fig. 15 


DESCRIPTION: Arbor 6 meters alta. Stipulis 
i-6 mm. longis. Petiolo 0.3-1.8 cm. longo 
piloso. Lamina 4.5—9.0 cm. longa 2.5-4.0 cm. 
lata. Pedunculo 0.7-0.9 cm. longo articulato 2 
mm. infra involucrum; bracteis lanceolatis 7- 
8 mm. longis. Calyce 1.8—2.0 cm. longo 1.0-1.4 
cm. lato, furcato 0.3-0.7 cm. cum lobis acutis, 
10-nervoso piloso. Petalis 5.0-5.2 cm. longis 
1.3—1.6 cm. latis, rubro colorato. Columna stam- 
inarum 3.0—3.8 cm. apicibus filamentium liberis 
ca. 4mm 

Tree 6 m. tall. Stipules 4.0-6.0 mm. long. 
Petiole 0.3—1.8 cm. long, pilose. Leaves 4.5—9.0 
cm. long, 2.5-4.0 cm. wide; margin irregular, 
apex distinctly acuminate. Peduncle 0.7-0.9 cm. 
long, articulate 2 mm. below the involucre. 
Lanceolate bracts 6-8, 7-8 mm. long. Calyx 
tubular 1.8-2.0 cm. long, 1.0-1.4 cm. wide, 
cleft for 3-7 cm., lobes acute, pilose, 10- 
nerved. Petals 5.0-5.2 cm. long, 1.3-1.6 cm. 
wide, dark red, puberulent on outer surface. 
Staminal column 3.0-3.8 cm. long, slender, gla- 
brous, apex 5-lobed. Free filament tips extend 
ca. 4 mm. from column, located on the upper 
half of the column. 

HOLOTYPE: Moloaa Forest Reserve, Kauai; 
ca. 500 feet altitude. November 10, 1958. 1. E. 
Lane 44. 


KAUAI 
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FiG. 15. Solid circles, Hibiscus waimeae; solid tri- 
angles, Hibiscus Newhouse. 
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This group is the most recent of the indig- 
enous hibiscus to be discovered. It had been re- 
ported several years ago and rediscovered in 
1957. Mr. and Mrs. Jan Newhouse found it 
growing along the Moloaa Stream in the Mo- 
loaa Forest Reserve, northeastern section of 
Kauai. They brought it to cultivation at that 
time. A year later Irwin Lane made a second 
collection in its original habitat. Lane sent cut- 
tings to the Foster Gardens in Honolulu, where 
this species can now be found. 

One of its notable characters is its distinctly 
acuminate leaves. H. Newhousei shows closest 
proximity to the native H. Kokio, from which 
it differs by leaf shape and size, shorter pedun- 
cles, shorter bracts, smaller calyx, shallower 
clefts, shorter column, and other characters. 
Flowers are dark red and leaves are deep green 
on both surfaces. 


1. Hibiscus immaculatus sp. nov. 
Figs. 16-18 


DESCRIPTION: Arbor 3 meters alta basi 6 cm. 
in diametro. Petiolo 1.0-1.5. Lamina 5S—7 cm. 
longa 4—6.5 cm. lata ovati-obovata margine den- 
tate, nervis haud palmatis viride lactucae nervo 
medio subter pubescente stellato. Pedunculo 2- 
3 cm. longo 2—3 mm. lato articulato 1 cm. infra 
involucrum; bracteis lanceolatis S-8 mm. longis. 
Calyce 2.5—3.0 cm. longo, 0.8-1.0 cm. lato, fur- 
cato 4 mm., cum lobis acutis, 10-nervoso piloso 
flavi-virente. Petalis 8-11 cm. longis 2.5—3.5 
cm. latis glabris albis. Columna staminarum 10- 
14 cm. paulo papillosa apicibus filamentium 
liberis 10-20 mm. longis. Ramuli stylorum 1.5- 
2.0 mm. longi erecti papillosi. Ovario 1.0 cm. 
longo 7-8 mm. lato. 

Tree 3 m. tall, diameter at base 6 cm. Petiole 
1.0-1.5 cm. Leaves 5-7 cm. long, 4—6.5 cm. 
wide, ovate-obovate, margin denticulate, veins 
scarcely palmate, “lettuce green,” midrib bears 
slight stellate puberulence on underside. Pedun- 
cle 2—3 cm. long, 2-3 mm. wide, articulate | 
cm. below involucre. Lanceolate bracts 6, 5-8 
mm. long. Calyx 2.5—3.0 cm. long, 0.8-1.0 cm. 
wide, cleft for 4 mm., lobes acute, 10-nerved, 
pilose, “dull green yellow.” Petals 8-11 cm. long, 
2.5-3.5 cm. wide, glabrous, white. Staminal col- 
umn 10-14 cm. slightly papillate. Free filament 
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FIG. 16. Hibiscus immaculatus Roe. Pali of Olokui above Waichu, Wailau Valley, Molokai. Sept. 1912 


C_.N. Forbes 551.Mo 
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Fic. 17. Hibiscus immaculatus Roe. 


tips 10-20 mm., located on the upper third of 
column. Style branches 1.5—2.0 mm., erect, pap- 
illate. Ovary 1.0 cm. long, 7-8 mm. wide. 

HOLOTYPE: Pali of Olokui above Waiehu, 
Wailau Valley, Molokai, September 1912. C. 
N. Forbes 551.Mo. 

SPECIMENS EXAMINED: Wailau Valley, Mo- 
lokai, C. N. Forbes 550.Mo. Hibiscus Gardens 
in Honolulu, introduced from Molokai, July 10, 
1958. Roe 301. 

In September, 1912, Forbes made several col- 
lections of a distinct white hibiscus from the 
Pali of Olokui above Waiehu, Wailau Valley, 
Molokai. He noted that the staminal column 
was entirely white, which is not the case in our 
other Hawaiian white-corolled species. Forbes 
at first considered this a form of H. Arnottianus; 
in fact an early label read: “H. Arnottianus 
Gray Form nov.” Forbes, following subsequent 
study of his specimens of the plant, concluded 
it was a distinct species and noted this on his 
herbarium sheets. However, he did not leave 
any description of the new species. In 1913 
Rock related that this “pure white flowered one 
occurs on the beach of Wailau Valley on Mo- 
lokai.” A letter written on July 16, 1958, by 
Henry Wiebke, Hoolehua, Molokai, confirmed 
the fact that the species continues to exist in the 
original locality. Mr. Wiebke wrote: “There is 
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a native white hibiscus still growing in Wailau 
Valley in and around Kalae. Records show that 
these have been reported a number of times. 
This one is completely white.” 

The plant has also been found in cultivation 
in Honolulu, and in each case its origin has 
been traced to Molokai. It is attractive, but 
smaller and less showy than H. Arnottianus. Its 
rounded leaf of “lettuce green” is quite distinc- 
tive and this, together with the pure white 
corolla and column of the flower, makes it a 
desirable plant for cultivation. 


12. Hibiscus waimeae Heller 
Figs. 15, 19, 20 


Hibiscus waimeae Heller. Observation of the 
Ferns and Flowering Plants of the Hawai- 
ian Islands, Minn. Pub. of Botany (1897) 
851, pl. 53. 

H. Arnottianus Gray forma. Mrs. Sinclair, 
Indigenous Flowers of Hawaiian Islands 
(1885), pl. 8. 

H. waimeae var. Helleri. Hochreutiner, Ann. 
Conserv. Jard. Bot. Geneve 4: 132, 1900. 


DESCRIPTION: Tree 7-8 m. in height; DBH, 
16 cm. Stipules 5—6 cm. long, lanceolate. Petioles 
3—4 cm. long, 2-3 mm. wide, puberulent. Blade 
6-9 cm. long, 5—7 cm. wide, obovate-orbicular, 
surfaces entirely velvety pubescent, margin ser- 
rate, “forest green.” Peduncles 2-3 cm. long, 
articulate 6 mm. below involucre. Bracts 7, lan- 
ceolate, 1.5—2.5 cm. long, pubescent. Calyx 3.5- 
4.0 cm. long, 1.0-1.5 cm. wide, widest at base 
of teeth, cleft 1-1.5 cm. from apex, teeth ovate- 
lanceolate, velutinous. Corolla white, pubescent 
on outer surface. Petals ca. 14 cm. long, 4-5 
cm. wide (at greatest width), prominently 
veined. Staminal column stout, long exerted, 


FIG. 18. Distribution of Hibiscus immaculatus: 
Solid circles, represent localities of collections 
Open circles, represent areas where plants have 

been reported 
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of canyon. Jul. 29, 1957. Roe 261. 
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red. Filament tips extend approximately 2 cm. 
from column. 

HOLOTYPE: Kaholuamanoa above Waimea, 
900 m. September 2—9, 1895. A. A. Heller 2785. 
(Isotype examined. ) 

SPECIMENS EXAMINED: Kawai; Waimea Can- 
yon, January 12, 1956, H. F. Clay. Mountains 
back of Waimea, September 1909, C. N. Forbes 
422.K. Waimea Drainage Basin, West side (hu- 
mid forest), July 3-August 18, 1917, C. N. 
Forbes 993.K. Halemanu February 20, 1909, 
Rock 39 (1559). Below Kaholuamano in gulches 
at 1800 feet, September 1909, Rock 5629. Octo- 
ber 1916, Rock 17093. Kokee region of Na 
Pali Kona Reserve, altitude of 3200 feet on 
bank of canyon, July 29, 1957, Roe 26]. In cul- 
tivation at Kalaheo, altitude of 750 feet, July 
27, 1957, Roe 252. In cultivation at the Hibis- 
cus Gardens of Honolulu, July 2, 1958, Roe 290. 

This species, although closely related to H. 
Arnottianus and unfortunately confused with it, 
is very different in numerous distinct characters, 
such as petals, column, stamens, calyx, leaves, 
tree shape, pubescence, and texture. Hillebrand 
considered all Hawaiian white-flowered hibiscus 
to be H. Arnottianus. Heller studied the situa- 
tion and felt that the white-flowered plant from 
Kauai was distinct and unnamed. He published 
its description in 1897. In 1900, Hochreutiner 
reopened the case of H. Arnottianus. (A thor- 
ough discussion of this situation will be found 
in my treatment of H. Arnottianus.) To the 
large Oahu white, Hochreutiner attached the 
name of H. waimeae (Heller) var. Hookert 
Hochr., and to the real H. waimeae of Heller 
he gave the name H. waimeae var. Helleri 
Hochr. Hochreutiner gave the name H. Arnott- 
ianus to what is known today as H. Kokio Hbd., 
thus establishing two varieties. T. A. Sprague 
in 1914 also added to the confusion. He sug- 
gested the name H. Arnottianus be dropped com- 
pletely and replaced by H. waimeae. Skottsberg 
in 1926 concluded that the treatment given by 
Hochreutiner and Sprague is “... inadmissible 
and has resulted in a more and more hopeless 
confusion... ." He continued, “...to replace 
‘Arnottianus’ with ‘Waimeae’ Heller, to dis- 
tinguish two varieties of this and to call Heller's 
type var. Helleri is wrong for the simple reason 
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FIG. 20. Hibiscus watmeae Heller. 


that “Arnottianus’ Hillebrand and ‘waimeae’ are 
different species.” 

The major differences between H. Arnottianus 
and H. waimeae are these: H. Arnottianus is 
nearly glabrous throughout, while H. waimeae 
has a velvety pubescence. The petioles of the 
Kauai species are almost twice as long as those 
of the Oahu plant; their calyces are also longer 
and wider. The calyx cleft of H. Arnottianus is 
only 5 mm. deep and that of H. waimeae is 
I-1.5 cm. deep. The staminal column of H. 
watmeae is stouter than that of the Oahu species. 


13. Hibiscus Arnottianus Gray 
Figs. 21-23 
Hibiscus Arnottianus Gray. Bot. U. S. Expl. 
Exped. 1: 176. 1854. 
H. Boryanus H. & A. Bot. Beechey Voy., p. 
79, partim, non DC. 1832. 
H. Waimeae var. Hookeri Hochreutiner. 


Ann. Conserv. Jard. Bot. Geneve, 4: 132. 
1900. 

H. Fauriei Leveil. Fedde Repert. 10: 120 


DESCRIPTION: Tree growing to 35 ft. well 
branched, nearly glabrous. Stipules subulate, ca- 
ducous. Petioles 0.5-2.0 cm. long, glabrous. 
Blades 8-10 cm. long, 5—7 cm. wide, ovate to 
elliptical-parabolical, apex acute-acuminate, 
chartaceous, margin sinuately crenate to entire, 
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FIG. 21. Hibiscus Arnottianus Gray. North end at junction of Manoa Cliff and Pauoa trails; 1,300 fr. 
Tantalus, Manoa. (Tree 8 m. * 2 dm.), Apr. 17, 1957. St. John 26053. 
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scarcely palmately veined with 3 strong nerves 
and 2 less prominent nerves branching from 
base of blade. Flowers solitary in axils of leaves. 
Involucre with 5-7 linear-lanceolate bracts 0.7— 
1.0 cm. long. Calyx tubular, 2-3 cm. long, 0.8- 
1.0 cm. wide, 5 acute lobes, cleft 5 mm. from 
apex, glabrous to slightly pilose. Corolla white 
often with a slight pink tinge. Petals 7-12 cm. 
long, 2-3 cm. wide. Staminal column long 
exerted, 10-15 cm. long, red, free filament tips 
1.0-1.8 cm. long, from upper half of column. 
Style branches erect, 5-8 mm. long. Capsule 
chartaceous, 2-3 cm. long. Seeds reniform, 4— 
5 mm. tomentose, dark brown. 

SPECIMENS EXAMINED: Oahu: North slope 
of Mt. Tantalus (tree 6 m. tall; 45 cm. DBH), 
June 15, 1930, Christopherson 1373. Beside 
stream in open forest, Wailupe, Kului, June 23, 
1937, F. E. Egler No. 37-68. Konahuanui, Jan. 
6, 1909, C. N. Forbes 1000.0. East side of Nuu- 
anu Valley, Oct. 1910, C. N. Forbes 1601.0. 
Waialae Valley, October 15, 1914, C. N. Forbes 
1948.0; also May 4, 1914, Forbes 2496.0; and 
January 1919, Forbes 2522.0. Manoa Cliff Trail, 
April 11, 1920, Gerber D. Wesley 372. “Hau- 
hele” Hillebrand. Niu, Hillebrand and Lydgate. 
Tantalus Ridge, September 5, 1909, H. L. Lyon. 
“Oahu” H. Mann and W. T. Brigham 530 (2 
sheets). Mt. Tantalus, July 8, 1922, C. Skotts- 
berg 84. North end at junction of Manoa Cliff 
and Pauoa Trails, 1300 feet, Tantalus, Manoa 
(tree 8 m. x 2 dm.), April 17, 1957, St. John 
26053. 

There has been so much confusion and con- 
troversy regarding Gray's H. Arnottianus that 
a presentation of its history is necessary. His 
original description (1838) of H. Arnottianus 
reads: 


H. fructicosus, glaberrimus; foliis ovatis sen 
ovalibus subcoriaceis integerrimis (nunc sub- 
dentates) basi tri-nervatis; floribus solitariis 
pedunculatis; involucelli phyllis 5-7 parvis de- 
ciduis; petalis (rubis) oblongis basi attenuatis 
atque in tubum gracilem calyce cylindrico long- 
iorem coalitis; columna staminea proelonga spit- 
hamoea; capsula polysperma. 
Hibiscus Arnottianus, Gray in herb. Hook 
anno 1837 
H. Boryanus, Hook & Arn Bot. Beech. Voy. 
non DC 
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Hab. Sandwich Islands; on the Kaala Moun- 
tains behind Honolulu, Oahu; where it was 
gathered by Macrae, Lay & Collie, Diell, 
Barclay, etc. (Byron's Bay, Hawaii; Macrae, 
Diell. ) 


This description includes a red-flowered hi- 
biscus having the long staminal column char- 
acteristic of the white-flowered Oahu plant. 
There are at least two distinct species included 
in Gray's description of H. Arnottianus. 

Hillebrand described as new the small red- 
flowered hibiscus, calling it H. Kokio Hbd. He 
stated his belief that the red-flowered hibiscus 
from Byron's Bay, referred to by Hooker and 
Arnott under H. Boryanus and considered by 
Gray as the H. Arnottianus from “Byron's Bay, 
Hawaii, Macrae,” belonged to the taxon H. 
Kokio. 

Hillebrand applied the name H. Arnottianus 
to the plant collected during Beechey’s voyage 
and distinguished it from his newly described 
H. Kokio. It is presumed that Hillebrand studied 
the types. 

Heller in 1897 studied both plants in ques- 
tion and concluded that Gray's type for H. Ar- 
nottianus was probably collected by Diell at 
Byron's Bay and that it had red flowers. Heller 
at that time was in a position to designate the 
type but did not do so. Gray mentioned first 
“the Kaala mountains behind Honolulu” and 
secondly, in brackets, “Byron's Bay, Hawaii, 
Macrae, Diell.” Heller felt that the white- 


FIG. 22. Hibiscus Arnottianus Gray. 


& 

t 

a 


Hawaiian Hibiscus—ROE 


flowered Kauai hibiscus was distinct from both 
H. Arnottianus and H. Kokio, and he described 
it as H. waimeae. 

In 1900 Hochreutiner published his revision 
of the genus Hibiscus, including the Hawaiian 
species. He presented a new interpretation of 
H. Arnottianus. While Hillebrand and Heller 
had applied Gray's description to the plant col- 
lected durir» Beechey’s voyage, Hochreutiner 
felt that the name H. Arnottianus belonged to 
the plant collected by Diell, called by Hillebrand 
H. Kokio. 

Hochreutiner classified the plants in question 
as follows: 

H. Waimeae Heller (white-flowered 
species) 
var. Hookeri Hochr. (Beechey plant) 
var. Helleri Hochr. (Kauai white) 


H. Arnottianus Gray 
var. Kokio Hochr. 


(red-flowered species) 
(Hillebrand’s 
H. Kokio) 
var. genuinus Hochr. 
(Byron's Bay- red- 
Macrae, Diell) 


Rock (19134) makes no mention of Hoch- 
reutiner's revision, which leads one to believe 
that he was not familiar with it. He was aware, 
however, of the original problem regarding H. 
Arnottianus and, to verify his classification, he 
sent a specimen of the white-flowered H. Ar- 
nottianus to the Gray Herbarium, where B. L. 
Robinson made comparisons and replied, “There 
can be no question that the white-flowered 
species (No. 8831) from Oahu is precisely the 
real H. Arnottianus Gray.” As far as Rock was 
concerned the case of H. Arnottianus was set- 
tled. However, in 1914, T. A. Sprague began 
again to dispute its nomenclature. He wrote 
in the Kew Bulletin, “So much confusion has 
arisen in the past in connection with the name 
H. Arnottianus that it is perhaps desirable to 
abandon the use of it altogether.” Sprague 
claimed that Gray had a red-flowered species in 
mind when describing H. Arnottianus, for he 
sent a specimen of this species collected by Diell 
to Sir William Hooker under the name H. Ar- 
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notti Gray (later altered to Arnottianus ). How- 
ever, Sprague disregarded the name H. Arnot- 
tianus entirely and retained H. Kokio Hbd. for 
the red-flowered species. 

Skottsberg (1926), in reviewing the nomen- 
clatural history of H. Arnottianus, exclaimed, 
“The confusion is very complete.” His conclu- 
sion, however, is very sound and offers the only 
logical solution to the problem. He rebuked 
Hochreutiner and Sprague for their “inadmis- 
sible” treatment given to the species in ques- 
tion, and joined Rock in his view of the situa- 
tion. 

It is concluded that Gray had two species on 
hand when he described H. Arnottianus—the 
white-flowered Oahu hibiscus bearing the long 
staminal column, and the small red-flowered 
plant. The red plant was the material sent to Sir 
William Hooker and the white-flowered species 
was retained in the Gray and the U. S. National 
Museum herbaria. This white species compares 
to our Oahu white according to the judgment 
of Dr. Robinson. In a recent letter, Reed C. 
Rollins, director of the Gray Herbarium, also 
testified that H. Arnottianus from the Wilkes 
Expedition is “white-flowered, with a very long, 
apparently red, staminal column.” 

Likewise, Richard S. Cowan of the U. S. 
National Museum, in a letter dated June 28, 
1958, confirmed this belief regarding the mate- 
rial deposited there. Cowan wrote: 


We have one sheet bearing one flowering 
branch collected by the U. S. Exploring Ex- 
pedition; the label is the standard label for this 
Expedition but the locality is in long-hand and 
reads: “Oahu, S. Islands.” The only other nota- 
tion is the name “Hibiscus Arnottianus Gray.” 
I have compared both the quoted items with a 
scrawl of Gray's in our holograph collection 
and I feel certain that they were made by the 
same person. There is no question in my mind 
that the specimen is of the white-flowered 
element, for red-flowered H. Kokio clearly shows 
red flowers even in the dried condition. The 
length of the staminal column in one of the 
two flowers on our specimen is 10.5 cm. In most 
respects, this specimen appears very similar to 
the following collections in our herbarium as- 
signed to H. Arnottianus: Mann & Brigham 
530 and Christopherson 1373. 
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Skottsberg agreed that Hillebrand could re- 
tain either of the two species as H. Arnottianus 
and then describe the other as new (for Gray 
did not designate a type ). Hillebrand considered 
the white-flowered Oahu plant as H. Arnottianus 
and described the red as H. Kokio. According 
to the international rules of nomenclature, the 
solution worked out by Hillebrand must be ac- 
cepted and is correct. We have the testimony 
of Rock and Skottsberg to this. The full syn- 
onomy given by Skottsberg is correct: 


H. Arnottianus (A. Gray p.p.) Hbd. s. str. (ex- 
cluding Kauai specimens H. waimeae ), Rock, 
non Hochreutiner. 

Syn: H. waimeae (Heller) var. hookeri 
Hochr.; T.A.S.; H. fauriei Levl. 

H. waimeae Heller, Rock. 

Syn: H. Arnottianus Hbd. quoad spec. 


kauaiens 
H. Arnottianus forma, Mrs. Sinclair, 
pl. 8. 
H. waimeae (Heller) var. helleri 
Hochr. 


H. Kokio Hbd; Rock, T.A:S. 
Sya: H. Arnottianus Gray; Hochreutiner; 
non Hbd., Rock. 
H. Arnottianus forma, Mrs. Sinclair. 
pl. 9. 


FiG. 23. Distribution of H. Arnottianus popula- 
tions: 
Solid circles, H. Arnottianus 
Open circles, f. parviflora 
Solid triangles, var. punaluuensis 
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H. Kokio Hbd; Rock, T.AS. 
Syn: H. Arnottianus Gray pro parti; Hoch- 
reutiner; non Hbd., Rock. 
H. Arnottianus forma, Mrs. Sinclair, 
pl. 9. 


We conclude from this discussion that we 
have three distinct species: the two whites, H. 
Arnottianus and H. waimeae; and one red, H. 
Kokio. Hillebrand effectively restricted appli- 
cation of H. Arnottianus to a white by naming 
the red. 


14. Hibiscus Arnottianus f. parviflora Skotts- 
berg 
Fig. 23 
Hibiscus Arnottianus £. parviflora Skottsberg. 
Vascular Plants from the Hawaiian Islands, 
IV. Acta Hort. Gotoburg. 15: 396. 1944. 


DESCRIPTION: Tree to 30 ft.; well branched. 
Stipules subulate, caducous. Petioles 0.5—1.5 cm. 
long. Leaves 4—6 cm. long, 4—5 cm. wide; cren- 
ulate to entire, glabrous to slightly stellate-pilose 
on the underside of leaf. Bracts 5—7, linear-lan- 


ceolate, S-8 mm. long. Calyx tubular, 1-2 cm. ° 


long, 0.5-1.1 cm. wide, slightly pilose. Petals 
6-6.5 cm. long; 2.5—3.0 cm. wide. Staminal col- 
umn long exerted, 8-12 cm. long, red, free fil- 
ament tips extend 1.0-1.5 cm. from column, 
style branches erect, 5-8 mm. long. 

HOLOTYPE: One mile south of Kolekole Pass, 
Waianae Mountains. (Hawaiian Bog Survey) 
September 3, 1938, O. Selling 3364. 

SPECIMENS EXAMINED: Oahu: Palehua, Wai- 
anae Range, C. M. Cooke. Kupehau Gulch, ele- 
vation 1800 feet, Waianae Range, October 13, 
1946, Cowan 165, Kukuiula, Mokuleia, Waianae 
Range (Forest Trail N. 20a) elevation 1200 
feet, tree 30 feet, William H. Hathaway 163. 
Puu Hapapa, Waianae Mountains, elevation 
2400 feet, October 19, 1930, E. Y. Hosaka 325. 
Ekahanui Gulch, Waianae Mountains, elevation 
1200 feet, September 28, 1947, Yoshio Kondo. 
Keekee Gulch, in unfenced forest reserve, eleva- 
tion 1500 feet, October 13, 1941, Korte. Ma- 
kaha Valley, Waianae Mountains, January 31, 
1927, MacDaniels 569. Waikane Mauka Trail 
on the Waianaeuka-Wahiawa Divide, elevation 
1250 feet, March 15, 1958, Roe 266. Kealia, 
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~ elevation 1500 feet, edge of woods; tree 8 m. 
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25 cm., November 8, 1936, St. John 17,655. 
Mokuleia Trail, Waianae Range, elevation 2200 
feet, tree 6 m., January 11, 1948, Webster L. 
Grady 1180. 

This population was brought to our attention 
in 1944 when Skortsberg published it as a form 
of H. Arnottianus Gray. Skottsberg felt that the 
variation was slight and showed principally in 
the smaller flower. Besides the flower difference, 
the leaves, calyx, and bracts of this form appear 
smaller than those of the species. 


15. Hibiscus Arnottianus Gray vat. punaluuen- 

sis Skottsberg 
Fig. 23 

Hibiscus Arnottianus Gray vat. punaluuensis 
Skottsberg. Vascular Plants from the Ha- 
waiian Islands, 1V. Acta Hort. Gotoburg. 
15: 396. 1944. 

H. punaluuensis (Skottsb.) Deg. & Deg. 
Flora Hawaiiensis 5: Family 221. 1957. 


DESCRIPTION: Tree to 35 ft. Stipules subulate, 
caducous. Petioles densely puberulent, 3-12 cm. 
long, scarcely palmately veined (5 radiating 
ribs ), veins strongly pubescent. Blade 10-25 cm. 
long, 8-20 cm. wide with puberulent-pilose sur- 
face, ovate, base subcordate, apex acuminate. 
Bracts 5—7, linear-lanceolate, 1.0—2.0 cm. long, 
pilose. Calyx scabrous, 1.8-2.5 cm. long, 1.0—1.5 
cm. wide, cleft 5 mm. Petals white, 8-12 cm. 
long, 2.5—4 cm. wide, stellate pubescent on outer 
surface. Staminal column red, 12-19 cm. long, 
free filament tips 1.5-2.5 cm. long, red. Style 
branches 1.0 cm. long. 

HOLOTYPE: Punaluu, Koolau Mountains, 
Cahu (Hawaiian Bog Survey) Sept. 27, 1948. 
O. Selling 3638. (Isotype examined; type not 
seen. ) 

SPECIMENS EXAMINED: Oahu: Edge of Ka- 
luanui Stream, Castle Trail, December 22, 1940, 
E. H. Bryan, Jr. 1501. Between Punaluu and 
Kaipapau, Koolau Mountains, November 14-21, 
1908, C. N. Forbes. Near Head Gate, Wahiawa, 
August 17-20, 1915, C. N. Forbes 2198.0. Puna- 
luu, elevation 2000 feet, September 28, 1930, 
E. Y. Hosaka 304. Kaluanui River Bank, Koo- 
lau Mountains, elevation 2800 feet, September 
28, 1930, Inafuku. Upper Kaluanui Valley, Castle 
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Trail, October 21, 1945, R. Kuykendall 117. 
Waiahole Ditch Trail, June 1932, A. Mee- 


“hold. Near Mt. Stream, Koolau Mts., Nov. 


14-21, 1908, Rock 37 (309) (duplicate). In 
cultivation in Wilder's Garden, J. F. Rock. Along 
Puunahia streams near Castle Camp, tree 30 feet, 
August 1911, Rock 8831. Kaluani, Castle Trail, 
Koolau Range, November 14, 1955, Roe 18. 
Kaluanui, by stream 1950 feet altitude, rain 
forest, tree 7 m. 15 cm., November 25, 1956, 
St. John 25977. 

Skottsberg in 1944 established this new vari- 
ety, punaluuensis, and called it after the locality 
where the type was collected. It differs from the 
species by a characteristic venation: between 
the base with the five radiating ribs and the 
next strong pair (which forms an angle of 45 
degrees with the midrib) is a wide stretch with 
only faint veins issuing at an angle of about 90 
degrees. The leaves are longer and wider than 
those of the species, the petiole being approxi- 
mately 5 cm. longer. The veins are strongly 
pubescent. The free filament tips and _ style 
branches are longer in the variety. The calyx 
is conspicuously hairy. 

In 1957 Otto Degener raised this population 
to the status of a species. These plants differ 
from H. Arnottianus but show such similarity 
that I hesitate to agree with Degener. The dif- 
ferences are not so great as they are between 
the other taxa which have been accorded specific 
rank. Skottsberg’s treatment seems more satis- 
factory. 
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THE MATERIAL DESCRIBED HEREIN has been 
collected by the author during the course of in- 
vestigations into the intertidal and sublittoral 
ecology of the sponges of Northland. 

Burton (1932), in reporting the “Discovery” 
Antarctic sponges, remarked on the relatively 
advanced state of knowledge of that fauna and 
added only 35 new species from this collection. 
In strong contrast stands the lack of knowledge 
of the littoral sponge faunas of New Zealand, 
particularly of the siliceous groups. The present 
collection contains 34 species, all relatively com- 
mon members of the northern shore faunas. 
Of this number, 17 are new species, and 11 are 
recorded for the first time from New Zealand. 

No Calcarea are included in the present study. 
They are, in general, better known than the 
Demospongiae, as most of the published work 
by Kirk dealt with this group. 

All type material is to be deposited in the 
Dominion Museum, Wellington. 


SYSTEMATIC DISCUSSION 


The scheme of classification followed is that 
of de Laubenfels (1936). 


cLass DEMOSPONGIAE (Sollas) 
ORDER KERATOSA (Grant) 
FAMILY SPONGIIDAE (Gray ) 


GENUS Ircinia (Nardo) 


Ircinia novae zealandiae, sp. nov. 
Fig. la 


OCCURRENCE: Noises Islands, Hauraki Gulf. 
12/10/56 

DESCRIPTION: The sponge is irregularly 
palmo-digitate in shape, the surface irregularly 
conulose. Oscules are small, 1-2 mm. in diam- 
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eter, few in number, and indiscriminately scat- 
tered. The texture when dried is hard and the 
colour blackish-brown. The texture when fresh 
is elastic and the colour blackish. 

The skeleton is a reticulation of strongly 
fasciculated fibres showing obvious differentia- 
tion into ascending and connective fibres. These 
fibres vary from .02 to 1.0 mm. in diameter. 
Foreign inclusions are occasionally present, 
sometimes filling the whole of a fibre. Filaments 
are not common and are .004 mm. in diameter. 


GENUS Spongia (Linnaeus) 


Spongia reticulata (Lendenfeld ) 
Euspongia reticulata (Lendenfeld, 1886, p. 
541). 
Hippospongia reticulata ( Lendenfeld, 1889, p. 
300, pl. 13, fig. 3). 


OCCURRENCE: Rangitoto sublittoral fringe. 
DISTRIBUTION: Australia. 


FAMILY DYSIDEIDAE (Gray ) 
GENUS Dysidea (Johnston ) 


Dysidea cristagalli, sp. nov. 
Fig. 1b 


OCCURRENCE: Noises Islands, 2/5/37 (coll. 
L. B. Moore). Rangitoto, 7/6/57. In rock pools 
in caves. 

DESCRIPTION: The sponge is erect, tubular in 
shape, with several tubes coalescing to give a 
tubula-flabellate condition. The surface is uneven 
and the oscules apical, giving access to deep 
cloacae. The texture is firm and friable, the 
colour ash-grey. The skeleton is an irregular, 
closely knit reticulation of fibres varying in 
diameter from .02 to .2 mm. and having no 
obvious distinction between ascending and con- 
nective fibres. The fibres are filled with broken 
sponge spicules. There is no special dermal skel- 
eton differentiated. 
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FiG. 1. a, Ircinia novae zealandiae, sp. nov. b, Dy- 
sidea cristagalli, sp. nov. 


ORDER HAPLOSCLERINA ( Topsent ) 
FAMILY HALICLONIDAE (de Laubenfels ) 


GENUS Haliclona (Grant ) 


Haliclona isodictyale, sp. nov. 
Fig. 2a, b 


OCCURRENCE: Waitawa Bay, Clevedon, 31/ 
10/35 (coll. L. B. Moore). Waitawa Bay, Cleve- 
don, 2/10/58. Point Chevalier Reef, 6/7/57. 

DESCRIPTION: This sponge is an encrusting 
form with a maximum thickness of 3 mm. Its 
surface is minutely shaggy and hispid. The 
oscules are apical on tubular processes, as is 
characteristic of many haliclonids. The texture 
is soft and friable. In life the colour is pale 
cream, in spirit pale brownish-white. The skele- 
ton is a subregularly-isodictyal reticulation, 
mainly unispicular. 

Spicules. Megascleres: oxea .13 mm. X .007 
mm. Microscleres: absent. 
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Haliclona tenacior, sp. nov. 
Fig. 3a, b 


OCCURRENCE: Waitawa Bay, Clevedon, on 
rocks or seaweed. Rangitoto, on rocks. 

DESCRIPTION: An encrusting to irregularly 
massive sponge infested with commensal poly- 
chaete worms. Its surface is uneven, minutely 
and irregularly subpapillose. Oscula are few and 
inconspicuous. Texture is firm and friable. The 
colour in life is dirty-muddy cream, in spirit 


Fic. 2. 4, Haliclona isodictyale, sp. nov. 6, Hali- 
clona isodictyale, typical oxea (X 350). 
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FiG. 3. 4, Haliclona tenacior, sp. nov. b, Haliclona 
tenacior, typical oxea ( 350). 


light greenish-brown. The skeleton is a closely 
knit reticulation of systems of fibres ranging 
from uni- to multispicular. 

Spicules. Megascleres: oxea .14 mm. X .007 
mm. Microscleres: absent. 


Haliclona glabra, sp. nov. 
Fig. 4 


OCCURRENCE: Stanley Bay, under sides of 
boulders at low tidal levels. 

DESCRIPTION: A thinly encrusting sponge 
with even, minutely hispid surface. The oscules 
are few, minute, and scattered. Texture is firm 
and friable. Colour in life is dull cream, in spirit 
pale brownish-white. The skeleton is an iso- 
dictyal reticulation, the ascending fibres of which 


are triangular. Connectives are unispicular. 
Spicules. Megascleres: oxea .152 mm.  .007 
mm. Microscleres: absent. 


Haliclona heterofibrosa (Lundbeck ) 
Reniera heterofibrosa Lundbeck, 1902, p. 47, 
pls. 2, 11, figs. 8, 14; Bréndsted, 1923, p. 
121; Hentschel, 1929, p. 983. 


OCCURRENCE: Rangitoto Island. Point Che- 
valier Reef. Under sides of stones up to half 
tide. 

REMARKS: Quite typical specimens, soft tex- 
ture, ranging in colour from creamy yellow to 
faintly purple. 

DISTRIBUTION: Arctic; Campbell Islands Sub- 
antarctic. 


Haliclona clathrata (Dendy ) 
Reniera clathrata Dendy, 1895, p. 237; 
Bréndsted, 1923, p. 125; 19244, p. 453); 
? R. spec. 4, Hentschel, 1912, p. 410. 


OCCURRENCE: Karaka Bay (St. Helier’s). 

REMARKS: Single specimen collected agrees so 
closely in external form with the holotype of 
H. clathrata (Dendy) that there seems every 
reason to refer it to this species. Structure of 
the skeleton is closely similar. 


CAMPBELL 
Is. 

O85-.115 | 
x x 


AUSTRA- 
LIA 


Oxea .083 


N. Z. 
157 


N. Z. (Br.) 
09-105 


x x 
005 mm. | .007 mm. .005 mm. .004 to .006 mm. 


This species appears to be a typical haliclonid 
insofar as the spicule sizes vary from specimen 


FiG. 4. Haliclona glabra, sp. nov. 
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to specimen. Small variations in this respect 
cannot be considered grounds for differentiating 
the present specimen from H. clathrata. 
DISTRIBUTION: Australia (south coast); New 
Zealand; Campbell Islands. 


Haliclona petrosioides (Burton) 


Haliclona petrosioides Burton, 1932, p. 269, 
fig. 7. 


OCCURRENCE: Rangitoto sublittoral fringe. 
REMARKS: Specimens are thinly encrusting, 
up to 3 mm. thick, deep cream in colour. Sur- 


face conspicuously porose with conspicuous - 


channels radiating in a stellate manner from 
small ill-defined oscules. The spiculation is iden- 
tical with that of the holotype. 

DISTRIBUTION: Tristan da Cunha (South At- 
lantic ). 


FAMILY CALLYSPONGIDAE (de Laubenfels) 


GENUS Callyspongia (Duchassaing & 
Michelotti) 


Callyspongia ramosa (Gray ) 
Synonymy: See Burton, 1934, p. 603. 


OCCURRENCE: Noises Islands; Kawau Island; 
Narrow Neck. 

REMARKS: An erect branching sponge, purple 
in life. Commonly washed up on Auckland 
beaches. 

DISTRIBUTION: New Zealand; Australia; Ant- 
arctica. 


ORDER POECILOSCLERINA ( Topsent ) 
GROUP PHORBASIFORMES (de Laubenfels ) 
FAMILY PHORBASIDAE (de Laubenfels ) 


GENUS Phorbas (Duchassaing & Michelotti ) 


Phorbas intermedia, sp. nov. 
Fig. 5a, b 


OCCURRENCE: Rangitoto; Karaka Bay (St. 
Helier's). 
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why 
FIG. 5. a, Phorbas intermedia, sp. nov. b, Phorbas 


intermedia, acanthotornota, acanthostyles, isochelae, 
sigmata, raphides ( 350). 


DESCRIPTION: An irregularly massive sponge 
with an uneven to minutely papillate surface. 
Oscula are not apparent. The texture is firm. 
Colour in life is a rich yellow, in spirit a pale 
yellow. The skeleton, a confused system of as- 
cending fibres branching and anastomosing, is 
composed of bundles of acanthostyli of two sizes 
and tornota. There is a dermal palisade of 
brushes of tornota. 

Spicules. Megascleres: (a) acanthostyles .17 
to .22 mm. X .005 to .007 mm.; (b) acantho- 
styles .09 X .004 mm.; (c) tornota with sub- 
tylote microspined ends—.15 < .004 to .006 mm. 
There are numerous intermediates between acan- 
thostyli and tornota. Microscleres: (a) arcuate 
isochelae .04 X .045 mm. chord; (b) sigmata 
017  .021 mm. chord; (c) raphides .04 07 
mm. long. 
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FAMILY ADOCIIDAE (de Laubenfels ) 
GENUS Adocia (Gray) 


Adocia parietalioides, sp. nov. 
Fig. 6a, b 


OCCURRENCE: Rangitoto Island; littoral. 

DESCRIPTION: An encrusting sponge with 
even, porose surface. Oscules small, 1-2 mm. in 
diameter, few in number, and level with the 
surface. Texture firm and friable. Colour in life 


FIG. 6. a, Adocia parietalioides, sp. nov. b, Adocia 
parietalioides, typical oxea (X 350). 
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faintly pink, in spirit pale brownish white. Main 
and dermal skeletons unispicular. 

Spicules. Megascleres: oxea .15 X 01 mm. 
Microscleres: absent. 


REMARKS: This species is most closely related 
to A. parietalis (Topsent) from the Mediter- 
ranean, from which species it differs in: (a) the 
absence of subdermal canals radiating from the 
oscules; (b) the character of the undersurface 
of the free edges (which in A. parietalis “releve 
... ety developpe a sa face inferieure un feutrage 
plus serre des spicules .. .”); (c) the size of 
the oxea, which are .01 mm. in thickness, as 
opposed to .005 mm. in A. parietalis. 


Adocia venustina, sp. nov. 
Fig. 74, b 


OCCURRENCE: Noises Islands, in mouth of 
cave; Rangitoto, in mouth of cave. 

DESCRIPTION: A sponge ranging in habit 
from encrusting to massive and depressed. Sur- 
face is uneven and glabrous. Oscules are numer- 
ous, subpapillate, 1-3 mm. in diameter. This 
sponge is of firm, friable texture. Colour in life 
yellow, in spirit dull yellowish brown. The main 
skeleton is isodictyal or sub-isodictyal, chiefly 
unispicular, but having occasional bispicular as- 
cending fibres. The dermal skeleton is unispic- 
ular with mainly triangular mesh. 

Spicules. Megascleres: oxea .1 * .004 mm. 
Microscleres: absent. 


GENUS Toxadocia (de Laubenfels ) 


Toxadocia toxophorus (Hentschel ) 
Gellius toxophorus Hentschel, 1912, p. 392, 
pl. 21, fig. 46. 


Gellius toxotes Hentschel, 1912, p. 392, pl. 21, 
fig. 47. 


OCCURRENCE: Rangitoto sublittoral fringe. 

REMARKS: The species is represented by 
cushion-shaped masses up to | cm. thick, pale 
cream in colour, with firm uneven surfaces. The 
oscules are scattered, 1-2 mm. in diameter. 
Skeleton is a loose subhalichondroid reticula- 
tion, mainly unispicular, of oxea tending to be 


My 
ral 
4s 
2) 
a. 
phe 
Ted 
4 
b 5 
q 
* 
ie 
‘2 
3 


38 


strongylote, .24  .014 mm., and with toxa .035 
to .052 mm. long, for microscleres. 
The old genus Gellius has been split by de 
Laubenfels (1936) into several genera and the 
present species is referred to Toxadocia. 
DISTRIBUTION: Aru Islands (Malay Archi- 
pelago ) , 4—6 fathoms. 


GROUP MICROCIONIFORMES (de Laubenfels) 
FAMILY MICROCIONIDAE (Hentschel ) 


GENUS Microciona (Bowerbank ) 


Microciona coccinea, sp. nov. 
Fig. 82, b 


OCCURRENCE: Stanley Bay, under sides of 
stones at low tide. Onetangi, Waiheke Island, on 
roof of cave at low tide. 

DESCRIPTION: A thinly encrusting sponge 
with uneven surface over which oscula are not 
apparent. Texture is soft. Colour when alive is 
scarlet, in spirit rusty brown. The skeleton is 
low plumose columns of basally spined styli 
and of acanthostyli. Scattered loose between the 
columns and forming a loose tangential layer in 
the dermis are auxiliary subtylostyli. 

Spicules. Megascleres: (a) basally spined styli 
24 to 4 X 012 to 016 mm.; (b) acanthostyli 
08 to .21 X .007 to .014 mm.; (c) subtylostyli 
14 to .28 & .003 to 004 mm. Microscleres: 


toxas .05 to .07 mm. chord. 


Microciona rubens, sp. nov. 
Fig. 9a, b 


OCCURRENCE: Waitawa Bay, Clevedon, en- 
crusting rocks at 2 fathoms. 

DESCRIPTION: An encrusting sponge with an 
uneven, minutely and irregularly mammilate 
surface on which oscules are not apparent. Tex- 
ture firm. Colour in life vermillion red, in spirit 
pale brownish yellow to dark brown. The skele- 
ton is made up of plumose columns of basally 
spined styli (rarely completely smooth) and 
of acanthostyli. Auxiliary subtylostyli are asso- 
ciated with these columns and form an irregular 
tangential layer in the dermis. 
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FIG. 7. a, Adocia venustina, sp. nov. 6, Adocia 
venustina, typical oxea 350). 


Spicules. Megascleres: (a) basally spined styli 
14 to .53 mm.; (b) acanthostyli .09 < 
O11 mm.; (c) subtylostyli .11 to .28  .003 to 
.005 mm. Microscleres: (a) palmate isochelae 
.008 mm. chord; (b) toxa .04 to .07 mm. chord. 

REMARKS: This species is most closely related 
to Clathria mortensenii ( Bréndsted ), which has 
been transferred to Microciona by de Lauben- 
fels (1936). Spicule dimensions in the present 
specimens differ widely from those described by 
Brdéndsted. 
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Microciona heterospiculata ( Bréndsted ) 


M. heterospiculata Bréndsted, 1924a, p. 465, 
fig. 20. 


OCCURRENCE: Point Chevalier Reef; Karaka 
Bay; Stanley Bay. Up to half tide encrusting 
rocks. 


DISTRIBUTION: New Zealand. 


Fic. 8. 4, Microciona coccinea, sp. nov. b, Micro- 
ciona coccinea, acanthostyle, basally spined style. 


Fic. 9. a, Microciona rubens, sp. nov. 6, Micro- 
ciona rubens, spined style, acanthostyles, subtylostyle, 
isochelae 350). 


FAMILY OPHLITASPONGIIDAE 
(de Laubenfels ) 


GENUS Mycale (Gray) 


Mycale rara (Dendy) 
Esperella rara Dendy, 1896, p. 18. 


OCCURRENCE: Ahipara Bay. 

REMARKS: The one specimen, yellow and soft 
in life, agrees closely with Dendy’s original speci- 
men, except that trichodragmata appear to be 
absent. Occasional isochelae .017 mm. chord 
occur. 


DISTRIBUTION: Australia. 
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FAMILY AMPHILECTIDAE (de Laubenfels ) 
GENUS Biemna (Gray ) 


Biemna rhabderemioides, sp. nov. 
Fig. 10a, b 


OCCURRENCE: Rangitoto, under stones at |. 
about half tide. ; 

DESCRIPTION: An encrusting to massive and 
low-lying sponge, the surface of which is mi- 
nutely reticulate, conulose, and hispid. The 
oscules are not apparent. Texture is firm. Colour 
in life bright yellow, in spirit pale yellowish- 
brown. The skeleton is an irregular reticulation 
of styli and subtylostyli bent in the basal third 
and crooked at the proximal end. 


FiG. 11. 4, Halichondria moorei, sp. nov. 6, Hali- 
chondria moorei, oxea (X 80). 


Spicules. Megascleres: (a) styli 42 to 47 X 
01 to .016 mim.; (b) subtylostyli 42 to 48 
01 to .016 mm. Microscleres: (a) sigmata (two 
sizes) .042 to .045 and .012 to .014 mm. chord; 
(b) raphides .09 mm. long; (c) microxea .05 * 
003 mm. 


ORDER HALICHONDRINA ( Vosmaer ) 
FAMILY HALICHONDRIIDAE (Gray ) 


GENUS Halichondria ( Fleming ) 


Halichondria moorei, sp. nov. 
Fig. lla, 


OCCURRENCE: Point Chevalier Reef; Karaka 
Bay (St. Helier's); Parnell Reef. 

Fic. 10. 4, Biemna rhabderemioides, sp. nov. b, 
Biems:a rhabderemioides, subtylostyli, raphides Sponge With an _irregularly 
350). folded. Oscula not apparent. Colour alive pinkish- 
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orange (Munsell, rY-R 7), in spirit nearly 
white. Both main and dermal skeletons typical 
for the genus. 

Spicules. Megascleres: oxea .3 to 8 X .005 to 
017 mm. Microscleres: absent. 

REMARKS: The tissues of this sponge are so 
heavily filled with opaque pigment cells that it 
is possible to study the arrangement of the skele- 
ton only with the utmost difficulty. 


Halichondria panicea (Pallas) 


Spongia panicea Pallas, 1766, p. 388. 
Halichondria panicea Johnston, 1842, p. 114. 


OCCURRENCE: Point Chevalier Reef. 

DISTRIBUTION: Arctic; Atlantic coasts of 
Europe and North America; Mediterranean; 
Azores; South Africa; Antarctic; New Zealand; 
extreme southern shores of South America; 
Japan; Sea of Japan. 


FAMILY HYMENIACIDONIDAE 
(de Laubenfels ) 


GENUS Hymeniacidon (Bowerbank ) 


Hymeniacidon perlevis (Montague ) 


Spongia perlevis (Montague, 1818, p. 86) = 
H. sanguinea (Grant) and H. caruncula 
( Bowerbank ). 


OCCURRENCE: Waitawa Bay, Clevedon; Ana- 
whata; Stanley Bay. Lower midlittoral. 

REMARKS: Bright orange-yellow, tending to- 
ward orange when in shadow. The earlier name, 
H. perlevis (Montague), almost entirely over- 
looked in the literature, must take precedence 
over the more familiar names. 

DISTRIBUTION: Arctic; Atlantic coast of Eu- 
rope; Mediterranean; West Africa; South Africa; 
Australia; New Zealand; Japan. 
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FAMILY AXINELLIDAE (Ridley and Dendy ) 
SUBFAMILY AXINELLINAE (de Laubenfels ) 


GENUS Axiamon (Hallman) 
Axiamon erecta ( Bréndsted ) 
Fig. 12 


Hymeniacidon erecta Bréndsted, 1924a, p. 
479, fig. 32. 


OCCURRENCE: Kawau Island. Commonly 
washed up on Auckland beaches. 


REMARKS: Two of Brgéndsted’s species of Hy- 


_ menacidon, novae zealandiae and erecta, were 


relegated to Axiamon by de Laubenfels (1936: 
130). This species has never before been figured, 
and therefore a photograph is appended. 


DISTRIBUTION: New Zealand. 


ORDER HADROMERINA ( Topsent ) 
FAMILY CHOANITIDAE (de Laubenfels ) 
SUBFAMILY CHOANITINAE (de Laubenfels ) 


GENUS Rhabderemia (Topsent) 


Rhabderemia stellata, sp. nov. 
Fig. 134, 6, c 


OCCURRENCE: Rangitoto Island, under stones 
at low tide. 


FiG. 12. Axiamon erecta (Broéndsted). 
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DESCRIPTION: An encrusting sponge with 
porose surface copiously marked by subdermal 
grooves. Oscules are small, sometimes the grooves 
radiate in stellate manner from them. Colour in 
life yellow, in spirit pale brown. The skeleton 
is a reticulation with subplumose ascending 
fibres and connectives, mainly unispicular, of 
rhabdostyli. 

Spicules, Megascleres: rhabdostyles .21 to .32 
* .015 to .021 mm. Microscleres: (a) acantho- 
styli .039 to .045 X .003 to .004 mm.; (b) much- 
contorted sigmas .011 to .017 mm. chord; (c) 
quadriradiate spicules (calthrops?) with rays 
.014 to 024 mm. (These are found occasionally 
in a subdermal position and appear to be foreign 
inclusions. ) 


FAMILY SUBERITIDAE (Schmidt ) 


GENUS Suberites (Nardo) 


Suberites cupuloides, sp. nov. 
Fig. 14a, b 


OCCURRENCE: Rangitoto, littoral in swiftly 
flowing water. Onetangi Beach in similar habitat. 

DESCRIPTION: A massive sponge with large 
rounded lobes. The surface is even and minutely 
hispid. Oscules are not apparent. The texture is 
firm and fleshy. Colour in life is yellowish-scarlet, > 
in spirit yellowish-brown. The skeleton is of 
loose, subplumose ascending fibres, ending at the 
surface in paniculate brushes. Megascleres are of 
two distinct sizes, the smaller occurring mainly 
in the dermal brushes. 

Spicules. Megascleres: tylostyli .17 to 8 * O11 
to .018 mm. Microscleres: absent. 


GENUS Isoctella (Hallmann ) 


Isociella incrustans, sp. nov. 
Fig. 15a, b 


OCCURRENCE: Ahipara Bay, on ledge under 
rocks at low tide. 

DESCRIPTION: This sponge ranges in form 
from encrusting to massive and spreading. Its 
surface is uneven and minutely mammillate. Os- 

cules are small, scattered or irregularly grouped. 

FIG. 13. a, Rhabderemia stellata, sp. nov. b, Rhab- Of bd y 
c. Rhabderemia stellata, contorted sigmas (< 350). texture is firm and resilient. Colour in life scar- 
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let, in spirit whitish. The skeleton is an irregular 
reticulation of fibres cored and quasi-echinated 
by main styli (often subtylostylote) of two 
sizes. Auxiliary subtylostyli of two sizes present. 
Dermal skeleton is a tangential layer of larger 
subtylostyli echinated by a palisade of smaller 
subtylostyli. 

Spicules. Megascleres: (a) main styli (2 
sizes): .32 to .35 013 to 014 mm.; 2 to 24 
x .007 to .011 mm.; (b) auxiliary subtylostyli 
(2 sizes): .28 to .34 X .007 to .011 mm.; .14 to 


Fic. 14. a, Suberites cupuloides, sp. nov. b, Suber- 
ites cupuloides, tylostyli 350). 


\ 


FiG. 15. a, lsociella incrustans, sp. nov. 6, lsociella 
incrustans, styli, subtylostyli, isochelae (< 350). 


.23 X 003 to .006 mm. Microscleres: palmate 
isochelae .011 to .014 mm. chord. 


GENUS Polymastia (Bowerbank ) 


Polymastia fusca, sp. nov. 
Fig. 16a, b 


OCCURRENCE: Burgess Bay, Kawau Island, 
under rock ledge. Ahipara Bay, under rock ledge. 
Spirits Bay, under rock ledge. 

DESCRIPTION: A massive, spreading sponge, 
with numerous low wartlike papillae. Surface is 
even and minutely hispid. The oscules are small, 
apical on the papillae. The texture is firm and 
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fleshy. Colour in life greenish to chocolate brown 
(Munsell, rY-R 8/4), in spirit pale brown. 
The skeleton is of stout radiating bundles of 
large subtylostyli, with medium-size and small 
subtylostyli scattered thickly in the choanosome 
and forming a dense subdermal layer. The der- 
mal skeleton is a palisade of mainly small sub- 
tylostyli. 


fusca, subtylostyli (< 350). 


FIG. 16. a, Polymastia fusca, sp. nov. b, Polymastia 
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Spicules. Megascleres: subtylostyli of three 
sizes: (a) .64 X .011 mm.; (b) 4 to 48 X .008 
mm.; (c):.14 .004 mm. 


Polymastia granulosa ( Bréndsted ) 


Polymastia granulosa Bréndsted, 1923, p. 162, 
fig. 36. 


OCCURRENCE: Anawhata, Piha; lower mid- 
littoral. 

REMARKS: Colour bright yellow. 

DISTRIBUTION: Auckland Islands; 
arctic. 


Subant- 


GENUS Aaptos (Gray) 


Aaptos aaptos (Schmidt) 


Synonymy: See Dendy and Frederick, 1924, 
p. 508. 


OCCURRENCE: Stanley Bay; lower midlittoral. 
REMARKS: Specimens all typically reddish- 
purple externally, brownish-yellow internally. 
DISTRIBUTION: Mediterranean; West Indies; 
Indian Ocean; Malaya; Australia. 


FAMILY CLIONIDAE (Gray) 


GENUS Cliona (Grant) 


Cliona celata (Grant) 
Cliona celata Grant, 1826, p. 79. 


OCCURRENCE: Point Chevalier; Kawau Island; 
Piha. Midlittoral. 

DISTRIBUTION: Arctic; Atlantic coasts of Eu- 
rope and North America; West Indies; Indian 
Ocean; Malaya; Australia. 


Cliona muscoides (Hancock ) 


Cliona muscoides Hancock, 1849, p. 335, pl. 
15, fig. 11. 


OCCURRENCE: Spirits Bay at 4 fathoms. 
REMARKS: The habit of the present specimen, 
especially the appearance of its perforations at 
the surface of the shell, conforms closely with 
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Hancock's description. The spicules are identical 
in appearance, save that the oxea are faintly 
microspined; the measurements differ, however. 


NEW ZEALAND 


18 mm.long | .1 to.12 003 mm. 
.07 mm. long | .052 to .07  .003 mm. 


A difference between the present specimen 
and the holotype is the presence in the New 
Zealand sponge of small spiny microrhabds, .007 
X .002 mm. No mention is made of these in the 
holotype. Their distribution is, however, sparse 
and irregular; they themselves are inconspicuous 
and could easily have been overlooked. The holo- 
type had infested a shell of Monoceras fusoides, 
a species recorded for Chile only. Other species 
of Mollusca are common to Chile and New 
Zealand, and there is no reason to suppose the 
Cliona should not share this wide distribution. 

DISTRIBUTION: Chile. 


ORDER CARNOSA (Carter) 
FAMILY HALINIDAE (de Laubenfels ) 
SUBFAMILY CORTICIINAE (Vosmaer ) 


GENUS Corticella (Sollas) 


Corticella novae-zealandiae, sp. nov. 
Fig. 174, b,c 


GENOTYPE: Corticum stelligerum Schmidt, 
1868, p. 25, pl. 3, fig. 6. 
Corticella stelligera Sollas, 1888, 
p. 281. 

OCCURRENCE: Rangitoto Island; sublittoral 
fringe. 

DESCRIPTION: An encrusting to massive and 
depressed sponge, its surface smooth but uneven. 
Oscules never apparent. The texture is firm and 
granular. Colour in life white, in spirit pale 
brown. 

Spicules. Megascleres: calthrops, rays .12 to 
.21 mm. X .026 to .038 mm. The number of 
rays may sometimes be multiplied to 5 and 6 


3. 


c 


FiG. 17. 4, Corticella novae-zealandiae, sp. nov. b, 
Corticella novae-zealandiae, typical calthrops ( 80). 
¢, Corticella novae-zealandiae, strongylasters 350). 


and some can show a slight dicho-modification. 
Microscleres: (a) strongylasters 011 mm. in 
diameter; (b) oxyasters, 5—7 rays .05 to .07 mm. 
in diameter. 

REMARKS: This specimen differs from the 
only other known species from the Mediter- 
ranean in the dimensions of the spicules. 
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SPIRITS BAY 
AHIPARA—> 


HAURAKI GUL 


HAURAKI_GULF 
LOCATION MAP 


Fic. 18. Location map of Hauraki Gulf (New Zealand inset). 
Legend: J], Burgess Bay, Kawau; 2, Noises Islands; 3, Rangitoto; 4, Stanley Bay; 5, Parnell Reef; 6, Point 
Chevalier Reef; 7, Karaka Bay, St. Helier’s; 8, Onetangi, Waiheke; 9, Waitawa Bay, Clevedon. 
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GENUS Plakina (Schulze ) 


Plakina monolopha (Schulze ) 
Synonymy: See Burton, 1929, p. 414. 


OCCURRENCE: Rangitoto; midlittoral. 
REMARKS: A small yellow incrustation. 


DISTRIBUTION: Mediterranean; Atlantic coast 
of France; West Indies; Antarctic; Japan. 


Plakina trilopha (Schulze ) 
Synonymy: See Burton, 1929, p. 414. 


OCCURRENCE: Rangitoto; midlittoral. 

REMARKS: A small incrustation, cream to deep 
purple. 

DISTRIBUTION: Mediterranean; Antarctic. 
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Effects of Pollution on the Free Amino Acid Content 
of Two Marine Invertebrates 


Rita D. SCHAFER! 


RECENT REPORTS have been received from some 
inhabitants of the southern California coastal 
area of a change in the texture and taste of cer- 
tain edible marine invertebrates. Investigation 
showed that the specimens so designated had 
been taken from areas known to be polluted. 
The term “polluted” as used here has been given 
the same meaning as that used in the ecological 
study by Reish (1956) on the San Gabriel River 
area: this meaning is the dictionary definition, 
“the act of making or rendering unclean.” 

It has been shown for some invertebrates 
that a change in environmental factors will 
produce a change in either histological or mor- 
phological composition. Kinne (1958) showed 
that a change in ectodermal cell shape can be 
induced in Cordylophora craspia by varying the 
environment from marine to brackish. Wilson 
and Armstrong (1958), after experimentation, 
concluded that Echinus eggs and larvae are af- 
fected structurally by the properties of sea water. 
It has also been demonstrated (Lane and Scha- 
fer, in progress) that a difference in diet may 
change the amino acid composition of muscle 
tissue in some invertebrates. Since this is known 
to be true under controlled conditions, the pos- 
sibility exists that a variation in tissue com- 
position might occur as a result of a polluted 
and consequently altered environment. 

This study was thus undertaken to determine 
(1) if the change in appearance and taste was 
accompanied by a change in amino acid com- 
position, and (2) the nature of the change, if 
one had occurred. 
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MATERIALS AND METHODS 


The animals used for investigation were the 
abalone, Haliotis cracherodii Leach, and the crab, 
Pachygrapsus crassipes Randall. The abalone was 
selected for study, as it is the form in which 
the greatest difference in tissue texture and 
taste has been observed. P. crassipes was selected 
because of its wide distribution and marked 
tolerance of polluted conditions. These two 
forms also offer two extremes as to length of 
time in which the animals are directly subjected 
to the polluted water. Haliotis is exposed to the 
air only during periods of lower low tides and 
therefore is almost continuously within the in- 
fluence of the conditions prevailing in the pol- 
luted water. Pachygrapsus, on the contrary, lives 
in the high tide zone along a rocky shore or on 
floats rather than in the water in a wharf region 
and consequently is submerged only during pe- 
riods of high cide, and is directly subjected to 
the pollutants for comparatively less time than 
is the abalone. Collections were made from pol- 
luted waters and, for a basis of comparison, from 
waters known to be free of pollution. 

Specimens of Haliotis were collected along 
the shore at White's Point in the Palos Verde 
region of the southern California coast, from 
San Clemente Island, Anacapa Island, and Santa 
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Catalina Island. Pachygrapsus crassipes were 
collected from a point in the west channel of 
the Los Angeles Harbor area designated as L.A. 
7, the mouth of the San Gabriel River at Ala- 
mitos Bay, White's Point, Santa Catalina Is- 
land, Anacapa Island, and Morro Bay (Fig. 1). 
White's Point, L.A. 7, and the mouth of the 
San Gabriel River at Alamitos Bay can be con- 
sidered polluted areas; while Morro Bay, Santa 
Catalina Island, San Clemente Island, and Ana- 
capa Island are surrounded by nonpolluted wa- 
ter. In the polluted areas both the nature and 
the degree of pollution vary. 

White's Point is a sewer outfall area in which 
the pipes convey the treated sewage to a site 
6,716 ft. from the shore line. According to 
Stephenson and Grady (1956), oxygen defi- 
ciency at 6,000-8,000 ft. from the outfall varied 
from 10-30 per cent, at one time of measure- 
ment, to 0 per cent (or normal) at another 
time. It was reported, further, that ammonia 
content was not normal in any area within 
11,000 fr. of the outfall. Measurements taken at 
3,000 ft. from the outfall showed an increase of 
silicates and phosphates. Although dilution un- 
doubtedly occurs in the remaining 3,700 ft., it 
would not be safe to assume that the water in 
the intertidal area where the specimens were 
taken is of normal composition. 

The White's Point area is divided at low 
tide into a northern cove and a southern cove 
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by a narrow expanse of rock which extends out 
from shore for approximately 200 ft. A survey 
of the fauna of these two sections shows them 
to be quite different. On the southern side of 
the rocky projections were found scattered speci- 
mens of Haliotis cracherodii, an occasional Pach- 
ygrapsus crassipes, masses of the tubed worm, 
Phragmatopoma californica, and specimens of 
the limpets Fissurella volcano and Acmaea lima- 
tula. Empty Olivella shells were also present in 
relatively large numbers. In sharp contrast to 
this paucity of forms and individuals was the 
fauna of the northern section. Here were noted 
specimens of Pisaster ochraceus, Strongylocen- 
trotus purpuratus, S. franciscanus, Ophiothrix 
spiculata, Bulla gouldiana, Aplysia californica, 
Octopus bimaculatus, Conus californicus, Pagu- 
rus samuelis, in addition to those animals found 
on the southern side. This difference can be ex- 
plained by the fact that the sewer outfall opens 
offshore in a line with the rocky projection 
which separates the two sides. The current flows 
primarily from north to south carrying the 
polluted water in the direction of the southern 
section. 

The point designated as L.A. 7 is located in 
the west channel of Los Angeles Harbor. The 
term “L.A. 7” was given to this particular point 
in a pollution survey conducted in 1952 by the 
Los Angeles Regional Water Pollution Control 
Board, and has been retained in this study so 
that this site may be recognized and related to 
data taken from that point. Specimens of Pachy- 
grapsus crassipes tested were taken from the 
piling and floats at one of the small yacht har- 
bors in this area. The nature of the pollution 
at this point has been designated as primarily 
raw sewage from approximately 500 persons. 
Oxygen content of the water, measured at 
monthly intervals over a period of 3 years (1956 
through 1958), showed fluctuations from a low 
of 2.0 to a high of 8.2 parts per million. An 
ecological survey of the area shows the custom- 
ary wharf fauna of the southern California wa- 
ters. Anemones, the wharf mussel (Mytilus 
edulis), tunicates both solitary and colonial, 
hydroids, barnacles, and colonial serpulid worms 
are attached in great abundance to the under- 
side of the wooden floats, while numerous speci- 
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mens of Pachygrapsus crassipes live on the floats 
and piling just above the water line. Since the 
area is maintained as a small yacht harbor, the 
floats are scraped occasionally and invariably 
are soon resettled by young forms of the species 
mentioned. 

The conditions at the mouth of the San 
Gabriel River at Alamitos Bay were thoroughly 
investigated and reported by Reish in 1956. 
He reports the primary source of waste dis- 
charge into that region to be the Dow Chemical 
Company, the Santa Fe Springs Waste Disposal 
Company, two domestic sewage disposal plants, 
and the Los Angeles Bureau of Water and 
Power Steam Plant. 

Since specimens of the same species living in 
the same conditions are known to have a con- 
sistent pattern of free amino acids in their mus- 
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cle tissues, an investigation of these amino acids 
should indicate whether or not a change from 
a normal to an abnormal metabolism has taken 
place. An analysis of free amino acids was thus 
undertaken by means of two-dimensional paper 
chromatography. 

Muscle tissue only was used for the deter- 
minations. All samples studied were taken from 
individual animals. Pooled samples were not 
used, Specimens were quick-frozen; muscle tis- 
sue from the foot of the abalone and from the 
legs of the crab was excised and subsequently 
lyophilized without thawing. This precaution 
was taken to inhibit the activity of autoenzymes 
and bacterial enzymes. After lyophilization the 
tissue was extracted with cold 70 per cent 
ethanol. Two 50 ml. aliquot portions were used, 
and extraction was permitted for at least 12 


Fic. 2. Chromatogram of free amino acids of Haliotis cracherodii taken from Anacapa Island, a nonpolluted 
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Fic. 3. Chromatogram of free amino acids of Haliotis cracherodii taken from White's Point, a polluted 
area. 


hours for cach portion, Extracts were then con- 
centrated and stored under refrigeration as a 4.4 
ml. solution of 10 per cent isopropanol. 

Chromatograms were run on 1812- by 2244- 
inch Whatman no. | filter papers. A mixture of 
butanol, acetic acid, and water (4:1:5) was 
used as the first phase; water-saturated phenol 
was used as the second. Development was car- 
ried out by dipping in a 0.2 per cent solution 
of ninhydrin in acetone. 


RESULTS 


The abalone, Haliotis cracherodii, from both 
polluted and nonpolluted areas contained the 
amino acids alanine, arginine, aspartic acid, 
cystine, glutamic acid, glycine, histidine, leucine- 
isoleucine, tyrosine, and valine. Specimens taken 


from the nonpolluted areas (Santa Catalina 
Island, San Clemente Island, and Anacapa Is- 
land) contained asparagine in addition to the 
above amino acids. The specimens taken from 
White's Point showed no asparagine, but did 
show a definite spot identified as aspartic acid. 
This acid was either absent or only very faintly 
discernible in the specimens from the non- 
polluted areas. Phenylalanine and three uniden- 
tified spots were present in the specimens ob- 
tained from the White's Point area (Figs. 2, 
3; Table 1). 

All specimens of the crab, Pachygrapsus 
crassipes, contained the free amino acids alanine, 
arginine, aspartic acid, cystine, glutamic acid, 
glycine, histidine, leucine-isoleucine, lysine, me- 
thionine, proline, serine, threonine, tyrosine, and 
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valine. Specimens taken from Santa Catalina 
Island, Anacapa Island, and Morro Bay con- 
tained asparagine as well. Those from Santa 
Catalina and Anacapa islands contained an un- 
identified amino acid located to the right of 
arginine on the chromatographic pattern ( Figs. 
4,5; Table 2). 


DISCUSSION 


Both Haliotis cracherodti, which occurs in one 
markedly polluted area, and Pachygrapsus cras- 
sipes, which was collected from a variety of 
polluted areas, have a free amino acid composi- 
tion different from that of the same animals 
collected from nonpolluted areas. Haliotis from 
clean water gives a more consistent pattern than 
does Pachygrapsus. Both forms taken from pol- 
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luted waters are marked by the absence of as- 
paragine. This indicates that in some manner 
the metabolism dealing with this amino acid 
has been altered. In the case of Haliotis from 
White's Point, phenylalanine and three uniden- 
tified spots appeared, indicating a more exten- 
sive change in metabolic pattern. The change 
in the abalone is greater than that in the crab. 
This may be due either to a difference in re- 
sponse to polluted conditions because of the 
difference in the animals; or it may in some 
way be associated with the difference in length 
of time during which the animals are submerged 
and are subjected to the polluted conditions. 
The factors of pollution common to the 
areas considered were a depletion of available 
oxygen and an increase in nutrients resulting 
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Fic. 4. Chromatogram of free amino acids of Pachygrapsus crassipes from Anacapa Island, a nonpolluted 
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TABLE | 


FREE AMINO ACIDS PRESENT IN SPECIMENS OF THE ABALONE, 
Hatiotis cracherodii, FROM A POLLUTED AND THREE NONPOLLUTED AREAS 


+- 


ASPARAGIN! 
GLYCINE 
PROLINE 
UNKNOWN 23 


| PHENYLALANINE 
VALINE 


| GLUTAMIC ACID 
UNKNOWN 
| UNKNOWN 


TYROSINI 


| ASPARTIC ACID 


Santa Catalina Is. 


x Ix |x Ix 
x [x |x | 


x |X | 
x IX | 


Anacapa Is.. 


x |X |X | MerHIONiN! 


San Clemente Is. 


White's Point 
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x |x | THREONINE 
xX x | 


Ix lx |x | HISTIDINE 
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x x |x |x | SERINE 
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x 
x 


San Gabriel River - Alamitos Bay 
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* Very faint. 


FiG. 5. Chromatogram of free amino acids of Pachygrapsus crassipes from the mouth of the San Gabriel 
River at Alamitos Bay, a polluted area. 
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TABLE 2 


FREE AMINO ACIDS PRESENT IN SPECIMENS OF THE CRAB, 
Pachygrapsus crassipes, FROM FOUR NONPOLLUTED AND THREE POLLUTED AREAS 


ALANINI 
ASPARAGINE 


Santa Catalina Is. 
Anacapa Is. 


San Clemente Is. 


«x Ix |x « |X | ASPARTIC ACID 


Morro Bay....... 
White's Point. 
L. A. Harbor... 


Alamitos Bay. 


x |x Ix 1x 
x |X |X |x | ARGININE 


x 


from sewage. Since the role of the free amino 
acids in the animal body is as yet not completely 
understood, it is not possible to state what 
physiological mechanisms have been altered by 
these environmental changes or whether one or 
both of the factors have operated to bring about 
the altered free amino acid metabolism. That 
a biochemical change as well as a morphological 
change has occurred is evident. 


SUMMARY 


1. Specimens of the abalone, Haliotis cra- 
cherodui, and the crab, Pachygrapsus crassipes, 
were collected from clean and polluted waters. 

2. Chromatographic analysis of the free amino 
acids of these forms were made by two-dimen- 
sional paper chromatography. 


3. Specimens from polluted areas were found 
to be lacking in asparagine. This amino acid 
was present in specimens from clean waters. 

4. Phenylalanine and three unidentified amino 
acids, not found in Haliotis cracherodu from 
clean water, were present in this species taken 
from polluted water. 

5. Polluted waters differed from nonpolluted 
waters in that they showed a depletion of avail- 
able oxygen and an increase in nutrients. 


x |X 


x |x |x 
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Studies in the Helminthocladiaceae (Rhodophyta): Helminthocladia' 


MAXWELL S. Doty” AND ISABELLA A. ABBOoTT® 


DURING RECENT WORK in the field with the 
algae of Hawaii several interesting red algae 
have been found. Two of these interesting algae 
which seem to be members of the Helmintho- 
cladiaceae are reported here, in the hope that 
more work with such algae will be encouraged. 

The Helminthocladiaceae is accepted as be- 
ing a family, the limits of which would include 
eight genera that are rather well known and 
perhaps three genera that are not well known, 
Ardissonea, Dorella, and Endosira, Ardissonea 
was described by J. Agardh (1899: 99) and is 
treated by Kylin (1956: 127), under the name 
of Neoardissonia Kylin, as a member of the 
Naccariaceae. Dorella, which may be a member 
of this family, has terminal cortical cells which 
are not enlarged. According to a personal com- 
munication from Dr. H. B. S. Womersley, the 
type of Ardissonea is a very finely branched 
alga and Endosira appears to be a juvenile of a 
different order. Kylin (1956: 557) suggests 
that Endosira may be related to Nemastoma. 
Consequently, we shall consider these genera 
no further in connection with the algae being 
described below. 

Of the eight easily recognizable genera, only 
Helminthocladia possesses lateral carpogonial 
branches and zygotes (post-fertilization carpo- 
gonia) which divide transversely, longitudinally, 
or obliquely and give rise to a dense gonimo- 
blast from both division products. In addition, 

‘The field and laboratory expenses for this work 
were provided in part by contract G-3833 between the 
University of Hawaii and the National Science Foun- 
dation, and by Graduate Research Funds of the Uni- 
versity of Hawaii. The authors appreciate the use of 
facilities at the Hopkins Marine Station of Stanford 
University for part of this work. 

Contribution No. 143 from the Hawaii Marine Lab- 
oratory. Manuscript received September 8, 1959. 

* Department of Botany, University of Hawaii, Ho- 
nolulu 14, Hawaii. 

* Hopkins Marine Station, Stanford University, Pa- 
cific Grove, California. 
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in Helminthocladia the terminal vegetative cells 
in the cortex are strongly enlarged. Kylin (1956: 
108) uses this latter as a key characteristic to 
separate this genus from Helminthora. There 
are other differences between the two genera: In 
Helminthora, for example, only the upper cell 
of a transversely dividing zygote gives rise to 
gonimoblast filaments. Trichogloea differs from 
Helminthocladia and from other well-known 
genera in having straight terminal, rather than 
curved lateral, carpogonial branches and in its 
calcification. Dermonema has long been a rela- 
tively unknown genus but is distinct in form, 
being erect cushions formed of noncalcified 
closely dichotomous branches, sometimes like 
Chnoospora minima in looks and habitat. Both 
Dermonema and Cumagloia (Gardner, 1917: 
401) are distinct in having a diffuse gonimo- 
blast ramifying among the cortical filaments 
near the zygote from which it originated as a 
few protuberances with no previous division of 
the zygote. The genus Liagoropsis of Yamada 
(1944) is like Nemalion (Desikachary, 1957a), 
having straight carpogonial branches, but differs 
in being calcified. 

On the basis of various characteristics the 
algae to be described are judged to be distinct, 
new species of Helminthocladia. They repre- 
sent the only records of this genus of the Rhod- 
ophyta for the Central Pacific Ocean. 


Helminthocladia simplex sp. nov. 
Figs. 1-18 


DESCRIPTIO TYPI: Thalli irregulariter cylin- 
drici, usque ad 9.5 cm. alt., acibus ramisque 
subsimplicibus saepissime 1 ad 1.5 mm. diam. 
Rami pauci, irregulariter dispositi. Thalli saepe 
simplices, qui saepe latiores quam thalli ramosi, 
raro, autem, plus quam 2 ad 4 mm. diam. Thalli 
simpliciores forma magis irregulares, clore 
magis obscuri, statura breviores saepe carpo- 
goniales sunt. Thalli antheridiales ubique vel 
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Fic. 1. The type of Helminthocladia simplex, a 
preparation on a herbarium sheet. 


plerumque tenuiores, clore nitidiores, altiores, 
magis ramosi. Thalli textura ubique lubrici mol- 
lesque. Frondes multiaxiales, filamentis corti- 
calibus nullo modo inter se adhaerentibus. 

The holotype is a preparation of six thalli on 
one herbarium sheet deposited in the Bernice 
P. Bishop Museum in Honolulu, Hawaii. These 
specimens, along with a small Liagora, formed 
a turf on an almost horizontal rock surface just 
above extreme low tide line. The type material 
was collected by Jan Newhouse and Henry Ke- 
koanui (M. Dory no. 12691) at Kahanahaiki, 
Waianae, Oahu, Hawaiian Islands (21° 32’ N., 
158° 14’ W.), Jan. 2, 1954. Isotypes are be- 
ing sent to the herbaria of the University of 
California, University of Michigan, Hopkins 
Marine Station of Stanford University, Cryp- 
togamic Laboratory of the Paris Museum, Uni- 
versity of Adelaide, South Australia, and Hok- 
kaido University at Sapporo, Japan. 

During some of the years since the original 
collection was made by Newhouse and Keko- 
anui, the type locality has been revisited. The 
sand shifts a great deal throughout the year 
at this site; sometimes the place is completely 
covered with sand. Until recently the alga had 
not been refound, though other members of 
the Helminthocladiaceae were often present in 
abundance. However, on Apr. 10, 1960, while 
Doty was accompanied by Newhouse and Er- 
nani Menez, a dense stand of H. simplex (M. 
Doty no. 19135A, Menez no. 201) was found. 
The thalli were essentially of the same mor- 
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phological form and were collected in the same 
place under the same conditions as the type. 
The living material was yellowish brown, with 
no taste or odor, and hard like a Gracilaria 
rather than soft like a Trichogloea. Perhaps a 
half liter of the species was obtained at this 
time. In time the algal population dwindled 
and the sand as well, until by May 8 there was 
very little of either on the site. The form of 
the Helminthocladia simplex present at this 
time was still the same as the other collections 
of this species, or perhaps a bit more eroded. 

Thalli (Fig. 1) of irregularly cylindrical 
branches, up to 9.5 cm. tall, with most of the 
subsimple axes and branches 1—1.5 mm. in diam- 
eter. Branches irregular in arrangement and 
few. Thalli often simple, and these simple ones, 
while often of larger diameter than branched 
thalli, are rarely more than 2—4 mm. in diameter. 
Often the simpler thalli of more irregular form 
that are duller in color and shorter in stature 
are carpogonial. The antheridial thalli are gen- 
erally more slender, more brightly colored, taller, 
and more branched. Texture rubbery and pliant 
throughout. The fronds are multiaxial and the 
cortical filaments do not adhere to each other 
in any way. 

Our material is dioecious. No evidence of 
what might be a tetrasporangial generation was 
seen. 

The male thalli produce spermatangia on 
terminal cortical cells among the vegetative 
filaments of the surface. The spermatangia are 
produced on cells (Fig. 2s) that are smaller 
than the adjacent vegetative cells and terminate 
in dichotomous rows of small cells. These small 
masses of cells do spread out under the cover 
glass on a microscope slide as do the terminal 
fans described for Helminthocladia by Martin 
(1939), but one suspects them of covering the 
surface area of the vegetative terminal cells 
they replace; i.e., occurring in round brushlike 
clusters rather than in two-dimensional fans. 
More than one spermatium may adhere to a 
trichogyne; those seen stuck to trichogynes were 
colorless. 

The female apparatus develops laterally from 
the fourth or fifth cell (Figs. 3, 4, 5) below 
the enlarged terminal superficial cortical cell. 
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The terminal cell of the developing carpogonial 
branch is large at first (Fig. 3). Only three- 
celled carpogonial branches were seen (Fig. 15 
notwithstanding). It often appeared (Figs. 5, 
6, 7) that the trichogyne cytoplasm became 
separated from the zygote cytoplasm; this we 
accepted as evidence that fertilization had taken 
place. Few cases were studied where we were 
certain that only the first division of the zygote 
had taken place. A number of cases were seen 
where two (Figs. 6, 7, 8), three (Figs. 9, 10, 
11), four, or five divisions (Fig. 12) had taken 
place. From these it was clear that division of 
the zygote is usually longitudinal or oblique, as 
in the case of H. papenfussi as illustrated by 
Martin (1939, figs. 17, 18). 

Conspicuous post-fertilization changes were 
not apparent in the carpogonial branch cells 
other than in those derived from the car- 
pogonium itself. No placental cell formation 
was seen. Pit connections within the carpogonial 
branch (Figs. 13, 14) and to the supporting 
cell and to the supra-supporting cell were not 
enlarged, or those between the carpogonial 
branch cells were only slightly enlarged. The 
hypogynous carpogonial branch cells in older 
stages (Figs. 13, 14) were “lighter staining” 
than during earlier stages. In the six or eight 
cases in older gonimoblasts studied in this re- 
gard (e.g., Fig. 15), the central complex of 
densely staining cells presumably derived from 
the carpogonial branch had only, at most, “broad- 
ened” pit connections. The contents of the sup- 
porting and supra-supporting cell were in some 
cases darkened and shrunken in diameter in this 
formalin-fixed material. 

As in H. papenfussii (Martin, 1939), Hel- 
minthora lindaueri (Desikachary, 1955: 131), 
and in Helminthocladia australis (Desikachary, 
19576), encircling sterile rhizoid-like filaments 
(r in Figs. 6, 7, 9, 11, 14, 15) after fertiliza- 
tion grow especially around the hypogynous 


Fics. 2-18. Reproductory and anatomical features of Helminthocladia simplex. 2, Cellular details of a 
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cells of the carpogonial branch. These were not 
seen to invade or surround older gonimoblasts 
of H. simplex when these were producing sur- 
faceward- growing filaments. In fact they seemed 
largely to have disappeared or become lost in 
our preparations of older stages. 

Gonimoblast initials appear from both pri- 
mary division products of the zygote (Figs. 
9-13). The cells of the young gonimoblast 
(Figs. 10-12) are at first in a dense regular 
mass which becomes lobed (Figs. 13, 14, 15) 
in time. In this respect our organism is like 
other Helminthocladia species and unlike other 
genera in the family. 

From the dense indefinitely lobed central 
gonimoblast mass, sparsely branched rather par- 
allel filaments (Fig. 16) grow towards the sur- 
face of the thallus. The gonimoblast filaments 
are usually unbranched for the terminal three 
cells. It may well be, though not followed out 
closely, that the terminal two cells tend to be- 
come carposporangia and the bottom (third 
one) gives rise (Fig. 176) to a two-celled 
branch that in turn grows to look like the 
terminal two cells of the parent filament be- 
fore they began enlarging into carposporangia. 
This same third cell may produce another 
branch. It is interesting to note this sympodial 
manner of growth here. 

In some cases the third cell in the row be- 
comes a carposporangium. In this respect the 
organism at hand approaches that condition 
illustrated by Kylin (1930, fig. 2D) for H. 
calvadosu, That is to say, there is nothing like 
the branching which Papenfuss (1946, fig. 25) 
illustrates for the homologous structures in 
Trichogloea. 


DISCUSSION: The type, MD 12691, is dis- 
tinguishable from the classical Helminthocladia 
hudsoni and H. calvadosiu (accepted as the type 
species of the genus as circumscribed by Hamel, 


cortical filament system bearing spermatangia (s) apically and a rhizoid (r) from the assimilatory region. 
3-5, Young carpogonial branches (stippled). 6—15, Stages in the development of the gonimoblast with its 
enveloping rhizoids. Individual cells are indicated by dark stippling; groups of cells are indicated by light stip- 
pling; enveloping rhizoids are indicated, and an assimilatory apical cortical cell. 16-17, Branching of the 
carpospore-producing filaments (4). 18, Cellular details of a cortical vegetative filament system showing the 


strongly dichotomous branching and, from the inner cortical regions, rhizoidal filaments (r). 
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1930), and from all other species known to 
the authors, in the reproductory structures 
described for these taxa and on the basis of their 
being more branched and larger in size. Speci- 
mens of H. calvadosii from France (University 
of California Herbarium no. 407401, identified 
by Kylin) measured 26-36 cm. tall, and in the 
parts examined lacked any trace of the sterile 
rhizoid-like filaments characteristic of our 
species and of H. papenfussii. Another specimen 
(University of California Herbarium no. 
218320, labeled by Rosenvinge H. purpurea) 
was up to 60 cm. tall and likewise lacked the 
peculiar rhizoidal filaments around the hypo- 
gynous cells. This latter specimen was the most 
nearly simple in branching of any Helmin- 
thocladia examined by us aside from H. simplex. 
In regard to the enveloping rhizoidal filaments 
our organism is unlike H. calvadosi (Kylin, 
1930), H. hudsoni (Feldmann, 1939) which 
have no such filaments, and H. papenfussii as 
described by Martin (1939) which has many 
such filaments. The most striking of these 
sterile filaments ( Figs. 8,9, 12, 14) arise from 
the cell above the supporting cell in the vegeta- 
tive branch, but they are more complex than 
those Balakrishnan (1955) illustrates for Lia- 
gora erecta. 

Martin (1939) ascribes both a fusion cell to 
Helminthocladia papenfussti, derived from the 
carpogonial branch, and a sterile envelope; these 
are illustrated in her figures 20 and 21. By the 
time a gonimoblast is this far developed in this 
Hawaiian species, there is no indication of either 
such a fusion cell or such an enveloping basket 
of sterile branches. The sterile rhizoidal branches 
develop in H. simplex as in some other Hel- 
minthocladia species where such may be found, 
primarily from the cell above the supporting 
cell in the vegetative branch, as Kylin (1938, 
fig. 1C) illustrates H. papenfussii. The first to 
appear tend strongly to encircle the young 
gonimoblast but they were not seen in older 
stages. Desikachary (1956, figs. 25, 29) illus- 
trates a similar situation in Helminthora lind- 
auert from New Zealand. 

The material reported and figured as Hel- 
minthocladia australis by Okamura (1916: 21) 
and by Segawa (1957: 58, fig. 254) seems to 
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be similar to ours in habit, except for the larger 
size and greater degree of branching. However, 
Narita’s (1918) figure of H. yendoana, which 
in that author's opinion includes H. australis 
of Okamura, does not resemble our alga at all. 
Furthermore, our examination of certain speci- 
mens (University of California Herbarium nos. 
335335, a female thallus apparently identified 
by S. Narita; 279932, a female thallus identified 
by Y. Yamada; and 418162) shows the Japanese 
material to be different in other details as well. 
From the materials illustrated and discussed as 
H. australis by Desikachary (19575), our mate- 
rial differs in being far simpler and smaller. 
We refer here only briefly to the rhizoids 
(Fig. 18r) which develop from the lower cells 
of the cortical filament systems. Only rarely 
was there any indication of such a rhizoidal 
filament (see r in Figs. 2) in the outer part 
of the cortex that even recalls slightly the 
rhizoids peculiar to the next species. Figure 
18 11-1, perhaps illustrates the ontogeny of this 
rhizoidal type. Note that the cortical cells ( Fig. 
18) are, in general, characteristic for Helmin- 


thocladia. 


Helminthocladia rhizoidea sp. nov. 
Figs. 19-24 


DESCRIPTO TYPI: Thallus 9 cm. alt., valde 
mucosoideus, in partibus inferioribus radiatim 
ramosus; filamenta corticea usque ad 350 » long., 
irregulariter dichotome tritomeve ramosa; cel- 
lulae apicales amplificatae, pyriformes, 13—26.5 
lat. 45 p» long.; rhizoidea multa 4.8-7.2 
lat., e filamentis corticeis exterioribus producta; 
gonimoblastus involucro filamentorum e cel- 
lulis minoribus quam cellulae corticis vegeta- 
tivi consistantium, aliter, autem, filamentis as- 
similativis corticeis propinquis similium, cir- 
cumdatus; filamenta involucri e cellulis vege- 
tativis infra superque cellulam sustinentem pro- 
ducta. 

The holotype is a preparation bearing the 
collection number MDoty 12860. The specimen 
was collected by Mr. Tetsuo Matsui at Lahaina 
(156° 41’ W., 20° 53’ N.), on the island of 
Maui, Hawaii, and it is deposited in the Bernice 
P. Bishop Museum, Honolulu, Hawaii. 
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Helminthocladia—Dory and ABBOTT 


Thallus (Fig. 19) of cylindrical branches, 
9 cm. high, branching radial in the lower por- 
tions, the branches 4 mm. in diameter at their 
bases, gradually tapering to 1-2 mm. in diam- 
eter at the tips, strongly mucosoid. The main 
branches give rise laterally to shorter ones of 
irregular length between 1 and 3 cm. long. 
Basal disc 5 mm. in diameter. 

Cortical filaments (Fig. 20) up to 350 p» in 
length, irregularly dichotomous or trichotomous, 
the lower cells ovoid to cylindrical, the terminal 
cells inflated and pyriform, 13—26.5 » wide X 45 
» long. Short unbranched filaments, usually 
without the terminal pyriform cells, are com- 
monly borne at the tops of the cortical filaments 
(Figs. 21f, 24f). Numerous, sometimes branched 
rhizoids 7.2-12 » wide are produced from the 
medullary filaments. Rhizoids are also produced 
(Fig. 217) by upper cells of the cortical fila- 
ments at first as protuberances 4.8-7.2 » wide 
on the lower edge of the cells (Fig. 22r), then 
by elongation cutting off segments (Fig. 23r). 
They are linear, unbranched, and seem to con- 


Fic. 19. The type of Helminthocladia rhizoidea, a 
single specimen preserved on a herbarium sheet. 
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nect neighboring assimilatory branches to each 
other, whereas those rhizoids produced nearer 
the axial strand add thickness to the axis. Oc- 
casional hairs (Fig. 214) may be formed on 
the terminal cortical cells. 

Carpogonial branches 3-celled, curved, mostly 
lateral as specially formed branches (stippled 
in Figs. 20, 23) at or near a dichotomy, but 
occasionally taking the place of a vegetative 
branch at a dichotomy. If unfertilized, they may 
develop into cortical filaments (Fig. 20) that 
are of smaller diameter than the ordinary cortical 
filaments. The first division of the gonimoblast 
is longitudinal. Gonimoblast dense, regular in 
shape (Fig. 22), soon becoming an irregularly 
shaped dense mass of filaments with only the 
end cells producing carpospores. 

A few sterile filaments are produced from the 
vegetative cells above the supporting cell (Fig. 
24) or from those subtending the supporting 
cell (Fig. 22). They loosely bracket and overtop 
the gonimoblast (Fig. 224), together with the 
vegetative filaments deflected by the growth of 
the cystocarp. No fusion cell is formed. 


DISCUSSION: In its vegetative appearance ( Fig. 


19), H. rhizoidea is similar to certain other 
species of Helminthocladia, such as some forms 
of H. australis (Desikachary, 19574, pl. 16, fig. 
3). It is a strikingly different alga from H. 
simplex, described above ( Fig. 1), which it does 
not resemble in either external or internal struc- 
ture. However it is generally similar in external 
appearance to other well-described species of 
Helminthocladia; ie. H. calvadosit (Kylin, 
1930), H. papenfussii (Martin, 1939), and H. 


"australis (Letring, 1953; Desikachary, 19575). 


H. rhizoidea differs from these because of the 
production of decumbent rhizoids (r in Figs. 
21-23) from the basal ends of the vegetative 
cells, which constitute the assimilatory filaments. 
While this fact in itself may not be of first 
importance, it does clearly separate this species 
from other species of Helminthocladia. Rhizoi- 
dal structures do appear nearer the medulla 
in H. simplex (Fig. 2) and in the Helmintho- 
cladia studied by Desikachary (19576: 442, fig. 
5), but these seem to have a different origin 
(see Fig. 18). It would seem that vegetative 
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Fics. 20-24. Cellular reproductive and vegetative peculiarities of Helminthocladia rhizoidea. 20, A cortical 


heterofilamentous system, wherein some branches are of slender long cells (v) and some terminated by ‘“normal”’ 
obpyriform cells, normal (e.g., cp) and seemingly abnormal carpogonial branches. 21, Cellular details of a 
cortical vegetative system illustrating a hair base (4), slender co:tical filaments (f), and two of the rhizoids 
(r) which characteristically issue from the assimilatory region. 22, Origin of a rhizoid (r) from an assimila- 
tory cortical filament, a well-developed gonimoblast (lightly stippled) with three hypogynous cells (darkly 
stippled) and several small-celled involucral filaments (7). 23, One of the rhizoids (r) peculiar to this species 
and well-formed carpogonial branch (cp). 24, A young gonimoblast with two one-celled encircling rhizoids (r) 


characters of this kind are necessary aids to dis- 
tinguishing the ever growing number of species 
in this genus. 

The sterile filaments surrounding the cysto- 
carp of H. rhizoidea (Fig. 221) appear to re- 
semble closely those in H. papenfussii as illus- 
trated by Martin (1939), although the deriva- 
tion of the sterile filaments may not be the same 
in both species. Martin states that the sterile 
filaments arise from the vegetative cell above the 
supporting cell in H. papenfussi. This is true 
also in H. australis ( Desikachary, 19576) where, 
however, they may also arise from the cell below 
the supporting cell. The derivation in H. rhizot- 
dea also may be from above or below the sup- 
porting cell. 


developed from supra-supporting cells, and a slender cortical filament (f). 


The possession of a loose basket of sterile 
filaments around the gonimoblast in H. rhizoi- 
dea seems to furnish a further characteristic for 
distinguishing this species from H. simplex. 
Only the initial few cells of the involucre are 
illustrated in Figures 22 and 24 for H. rhizoidea, 
while perhaps the ultimate in development of 
rhizoids is given in Figures 6, 7, 9, 11, 14, 15 
for H. simplex. 

Most species of Helminthocladia appear to 
have fairly regularly dichotomous assimilatory 
filaments; see the illustrations of H. calvadosi 
(Kylin, 1930), H. hudsoni (Feldmann, 1939), 
H. australis (Desikachary, 19576), and those 
of H. simplex, especially Fig. 18 in this paper. 
In this respect H. papenfussti and the present 
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Helminthocladia—DoTy and ABBOTT 


species are similar to each other in that the 
branches near the tops of the filaments are often 
trichotomous. The ultimate cells of the cortical 
filaments are more crowded, therefore, than those 
of most other species. Often in this genus where 
the cortical filaments are not dichotomous the 
production of carpogonial branches or rhizoidal 
branches (of the type illustrated in Fig. 18) 
seems to have been involved. Either normal 
carpogonial branches may have appeared ( Figs. 
20cp, 23cp), or abortive carpogonial branches 
may have become reorganized (Fig. 20v), pos- 
sibly into vegetative branches. 
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THE PRESENT STUDY arose from the fact that 
the genus Lindsaea has proved of particular 
interest from a cyto-taxonomic viewpoint, and, 
as the author hopes to deal with some of these 
ferns in the Pacific islands from that aspect, he 
took the opportunity of a period spent at the 
Herbarium of the Royal Botanic Gardens, Kew, 
to examine the collections located there. It 
quickly became evident that the species of 
lindsaeoid ferns, particularly those of New 
Caledonia, were poorly understood. There was 
not sufficient time and, in some cases, not suf- 
ficient material to completely clear up all doubt- 
ful aspects, but it is hoped that the present paper 
will go some distance towards clarifying the 
situation. To accomplish the task fully for the 
Pacific and neighbouring regions would require 
a work almost as large as the excellent revision 
of Lindsaea in the New World by Kramer 
(Acta Bot. Neerlandica 6, 97-290, 1957). 

Taxonomically, the lindsaeoid ferns have 
proved a difficult group almost everywhere, and 
this is especially apparent in New Caledonia 
where both specific and generic distinctions are 
extremely doubrful. It is possible that they are 
a very old group whose close relationships are 
more apparent than real. This possibility has 
already been indicated by the limited cytological 
work published to date. 
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Studies on Pacific Ferns, Part III 
The Lindsaeoid Ferns 


G. BROWNLIE! 


Lindsaea dimorpha Bailey. 


Lindsaea dimorpha Bailey. Handbook, Queens- 
land Ferns 19, 1874. 

L. anogrammoides C. Chr. Viert. Nat. Ges. 
Zurich 70, 223, 1925. 


Christensen himself suggested that these two 
were closely related, and comparison of his type 
with Australian material shows that there is 
nothing to distinguish the New Caledonian 
specimen. It should consequently be recognized 
as L. dimorpha. 

SPECIMENS EXAMINED: Franc 1308 in Herb. 
C. Chr. (Christensen’s type; B. M.), Bailey un- 
numbered (Kew). 


Lindsaea lapeyrousii (Hk.) Bak. 


Davallia lapeyrousti Hk. 2nd. Cent. f. 56, 
1861. 

Lindsaea lapeyrousii (Hk.) Bak. Syn. Fil. 
106, 1874. 

L. kajewskii Copel. Journ. Arnold Arb. 12, 
48, 1931. 


In describing L. kajewskii, Copeland suggested 
that it was possibly related to L. lapeyrousii, but 
he apparently did not see Hooker's type speci- 
men. Almost all recent collections of L. lapeyrou- 
sit have come from Fiji, where it is not uncom- 
mon, whereas Kajewski’s specimen was obtained 
from Vanikoro Island in the Santa Cruz group. 
Hooker's type has, however, the locality given 
as “Vanicolla Island,” which appears to be 
nothing more than an older rendering of Vani- 
koro, so that both specimens originated from the 
same island. The lack of subsequent material 
can be due only to the infrequency of collecting 
there. Copeland’s paper gives the collection 
number as Kajewski 523, whereas a Kajewski 
specimen from Vanikoro at Kew inscribed 
“Lindsaea kajewskti n. sp.” is numbered 533. 
The director of the Arnold Arboretum has 
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Lindsaeoid Ferns—BROWNLIE 


kindly informed me that the specimen there, 
used by Copeland, is also 533, so that the num- 
ber quoted in the published description is ob- 
viously an error. 

SPECIMENS EXAMINED: From Vanikoro— 
Herb. Hk. without collector (Kew), Kajewski 
533 (Kew). 


Lindsaea nervosa Mett. 


Lindsaea nervosa Mett. Ann. Sc. Nat. IV, 15, 
62, 1861. 


A comparison of New Caledonian material 
collected by Vieillard showed a discrepancy for 
a particular collection number. Mettenius gave 
the type specimen of his L. nervosa as Vieillard 
1540, locality Mons Dore, which is presumably 
Mont Dore, whereas sheets at both Kew and 
the British Museum (Natural History) bearing 
that number were specimens of Schizoloma 
prolongata, collected at Wagap. The Mettenius 
type obtained from Paris proved to be exactly 
what other collectors had understood as Lindsaea 
nervosa, and did indeed have the number and 
locality given in the published description. It 
appears that two widely separated collections 
have received the same number. Accidents such 
as this have contributed in some measure to 
the confusion surrounding many species from 
New Caledonia. 


Schizoloma prolongata (Fourn.) Brownlie, 
comb. nov. 


Lindsaea prolongata Fourn. Ann. Sc. Nat. V, 
18, 334, 1873. 

L. cheiroides Fourn. 
334, 1873. 


Ann. Sc. Nat. V, 18, 


Comparison of the collections at Kew and 
the British Museum with one of Fournier's type 
specimens of L. cheiroides ( Balansa, 1602) leads 
to the conclusion that these are all better re- 
garded as examples of one variable species. The 
name L. cheiroides has been applied to a form 
with a markedly elongated apical portion of the 
frond and with the lobing of the sterile pinnules 
accentuated to serrations. L. prolongata as un- 
derstood by Fournier and others has pinnules 
with rounded lobes, and the terminal division 
of the frond is not elongated. However, varia- 
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tion from rounding to serration of the pinnules 
may be observed even within a single specimen, 
and since the other characters appear to be 
identical there are no grounds for retaining 
them as separate species. It appears possible 
that these may also grade into Schizoloma het- 
erophyllum var. majus (Christensen, Viert. Nat. 
Ges. Zurich 77, 8, 1932). On the basis of 
Holttum’s understanding of the lindsaeoid gen- 
era (Flora of Malaya 2, 320, 1954), it should be 
placed in the genus Schizoloma. 

SPECIMENS EXAMINED: MacGillivray 27 
(B.M.), unnumbered (Kew), Herb. Macleay 
unnumbered (Kew), Vieillard 1540 (Kew and 
B.M.), Balansa 1602 (Paris), le Rat 943 and 
965 (Kew), Franc 11 and 33 (B.M.) and 365 
and 679 (Kew), Pancher unnumbered (B.M.), 
Compton 541 (B.M.), Buccholz 1260 (Kew). 


Tapeinidium flavicans (Mett. ex Fourn.) Hier. 
Hedwigia 62, 13, 1920. 


Lindsaea flavicans Mett. Mem. Soc. Sc. Nat. 
Cherb. 10, 317, 1867 (nomen); Fourn. 
Ann. Sc. Nat. V, 18, 334, 1873. 

L. tenuifolia Mett. Ann. Sc. Nat. IV, 15, 64, 
1861 (non BI.). 

L. balansae Fourn. Ann. Sc. Nat. V, 18, 335, 
1873. 

L. campylophylla Fourn. Ann. Sc. Nat. V, 18, 
335, 1873. 

Davallia lenormandi Bak. Syn. Fil. 471, 1874. 

Odontosoria lenormandi ( Bak.) C. Chr. Ind. 
Fil. 465, 1906. 


This is another example of several graded 
forms having been described under different 
names. Baker's Davallia lenormandi is repre- 
sented at Kew by Vieillard 1548 and 1549 and 
by Pancher unnumbered. These specimens show 
considerable variation in degree of fineness and 
dissection of the fronds, but all are recognized 
as the one species. A single sheet, MacGillivray 
14, which is given by Fournier as an example 
of Lindsaea flavicans, is identical with the most 
dissected form of Baker's species. Balansa 1652, 
the type of L. balansae, is another very dissected 
form with somewhat more open habit but is 
otherwise indistinguishable. This possibility had 
already been suggested by Christensen ( Viert. 
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Nat. Ges. Zurich 74, 60, 1929). Similarly 
Balansa 854, the type specimen of L. campylo- 
phylla, differs only in the slightly longer ter- 
tiary and quaternary segments. All should be 
united under the one species Tapeinidium flavi- 
cans. It seems possible that the related species 
T. mooret (Hk.) Hier. may even represent a 
decidedly coarse form of the same species, but 
enough comparative material was not available 
to decide this with certainty. 

Christensen identified Lindsaea tenuifolia of 
Mettenius with Sphenomeris chusana (L.) 
Copel., which does occur in New Caledonia, but 
Vieillard 1548 and 1549, which Mettenius gives 
as his species, represent Baker's Davallia len- 
ormandi., Since that has been reduced to Tapein- 
idium flavicans, Lindsaea tenuifolia Mett. must 
also be a synonym of that species. 

SPECIMENS EXAMINED: MacGillivray 14 
(B.M.), unnumbered (Kew), Vieillard 1548 
and 1549 (Kew), Pancher unnumbered (Kew), 
Balansa 854 and 1652 (Paris), Schlechter 15046 
(Kew and B.M.). 


Sphenomeris chusana (L.) Copel. 
Ann. Sc. Nat. IV, 15, 


Lindsaea retusa Mett. 
63, 1861. 
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This appears to have been an incorrect identi- 
fication, because the plant is not the same as 
L. retusa of Indonesia. Mettenius gives his speci- 
men as Vieillard 1547, but an examination of 
the sheet used by him shows this to be a large 
example of the widespread Sphenomeris chusana 
which has been collected frequently in New 
Caledonia. 

SPECIMEN EXAMINED: Vieillard 1547 ( Paris ). 


SUMMARY 


Five species of the genus Lindsaea from New 
Caledonia and one from Vanikoro Island are 
reduced to synonyms either of other species of 
Lindsaea or of species of related lindsaeoid 
ferns. One species has also been transferred 
from Lindsaea to Schizoloma. A number of 
confusing aspects of collections of Lindsaea from 
New Caledonia have been clarified. 

Further collections from New Caledonia ap- 
pear to be necessary to elucidate the relation- 
ships among the three species L. macgillivrayi 
Carr., L. nervosa Mett., and L. neocaledonica 
Compton, and to define the specific limits within 
the genus Schizoloma. 
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Two New Chaetognaths from the Pacific 


ANGELES ALVARINO! 


THE PRESENT PAPER deals with two species of 
chaetognaths observed when working on the 
distribution of this group in California waters, 
and on their relation to the hydrographic condi- 
tions of the area. The material was collected by 
the California Cooperative Oceanic Fisheries 
Investigations (CalCOFI) off the coast of Cali- 
fornia, a project sponsored by the Marine Re- 
search Committee of the State of California. 
Acknowledgments. 1 wish to thank Dr. M. 
W. Johnson, who has given me a great deal of 
valuable advice and many helpful suggestions 
during the preparation of this paper, and who 
has also corrected the typescript and provided 


' Scripps Institution of Oceanography, University of 
California, La Jolla, California. Manuscript received 
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Sagitta bierii n. sp. 


The body is rigid and slender, retaining its 
cylindrical shape. It is transparent, so that the 
ovaries are easily seen and the gut appears as a 
dark straight line along the body. The small 
head is attached to a long narrow neck which 
gradually broadens out into the body, which is 
widest at the level of the ovaries. The shape 


TABLE | 


MEASUREMENTS OF Sagitta bierii n. sp. 


NUMBER TOTAL 
OF LENGTH, 
SPECIMENS MM 


17.0 
16.0 
15.0 


TAIL LENGTH, MM. 


Median Range | Median | 
(3.0-3.5) 
(3.0-3.5) 
(3.0-3.5) 
(3.0-—3.2) 
(2.8-3.5) 


nN 


Nm Ww Ww 
Nw 


OVARY LENGTH, MM 
Range 


(3.0-4.0) 6 6 
(1.3-4.5) 6 
(0.5-4.5) 
(1.0-4.0) 
(1.0-4.0) 
(1.0-4.0) 
(1.0-4.0) 
(0.8-3.0) 
(0.5-2.4) 
(0.2-2.0) 
(0.0—2.0) 
(0.0-1.0) 
(0.0-—1.2) 
(0.0-0.5 ) 


HOOKS 


| Mode 


ANTERIOR TEETH POSTERIOR TEETH 


Mode Range 


(14-16) 
(12-16) 
(12-18) 
(12-16) 
(12-18) 
(12-18) 
(12-18) 
(12-18) 
(12-18) 
(12-14) 
(10-16) 
(10-14) 
(10-12) 
(10-13) 
8-12) 
8-12) 
10-14) 
8-10) 
8-10) 
8-10) 
2-10) 


Range Mode Range 


(6-8) 
(6-7) 
(6-7) 
(6-8) 
(6-8) 
(6-8) 
(6-7) 
(5-8) 
(5-6) 
(4-7) 
(4-6) 
(4-6) 
(3-6) 
(3-6) 
(3-5) 
(3-4) 
(3-5) 
(3-4) 
(3-4) 
(3-4) 


a 
a 
Ade 
on 

2 
6 14 + 
18 14 
be 7 14.5 14 

30 14.0 14 
33 13.5 14 
be 42 13.0 8 (2.5-3.5) | 2.0 14 4 
29 12.5 (2.5-3.0) 1.3 14 
a 19 12.0 78 | (2.2-3.0) | 1.7 12 tei 
a> 26 11.5 (2.5-2.9) 09 12 

." 29 11.0 (2.2-2.8) 0.7 12 by 
23 10.5 (2.2-2.6) | 0.3 12 7 
4 20 10.0 9 | (2.0-2.5)| 0.14 10 
a 14 9.5 (2.0-2.5) 0.16 10 
18 9.0 (2.0-2.4) 6 (6-7) 10 
= 10 8.5 2.08 | (2.0-2.2) 6 (6-7) 10 ; 
11 8.0 2.0 (1.9-2.2) 6 | (6-7) 10 i: 
i 7 7.5 1.77 | (1.7-2.0) 6 (6-7) 10 a 
6 7.0 1.75 (1.6-2.0) 6 (6-7) 10 
5 6.5 1.72 (16-18) 6 | 8 
3 6.0 16 | (1.5-1.7) 6 (6-7) 8 
5.0 1.8 7 6 | 
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FIG. 1. Sagitta bierti. a, Ventral view; b, dorsal view; 
¢, hook; d, left eye. 
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of the body resembles Sagitta decipiens Fowler. 
That species, however, is more transparent and 
flaccid and differs in the position of the fins 
and in having hooks without serrations. 

The anterior fins begin at the level of the 
posterior end of the ventral ganglion. They 
broaden at their posterior end and are without 
a rayless zone. 

The posterior fins begin at a short distance 
from the posterior end of the anterior fins and 
end at the level of the seminal vesicles. They 
are somewhat roundly triangular in shape and 
about the same or slightly longer than the an- 
terior fins. They are broadest behind the tail 
septum, but their greatest length lies in the 
trunk region. They do not have a rayless zone 
( Fig. la). 

The head is small, slightly elongated in the 
longitudinal axis, and thus differs from S. decip- 
iens Fowler, which has a larger head (Fig. 15). 

The hooks have strong serrations as in other 
species of the “serratodentata group.” The ser- 
rations are very conspicuous with low magni- 
fications ( Fig. 1c). 

The eye pigment forms a kidney-shaped body 
which in the long axis is one-half the width 
of the eye, with the longitudinal diameter longer 
than the transverse (Fig. 1d). 

The collarette is small. 

The seminal vesicles are triangular to pear 
shape and not very conspicuous. The species is 
not as protandric as most chaetognaths ( Figs. 
24, 6, 3a). In about 60,000 specimens studied, 
less than a dozen appeared with the seminal 
vesicles well developed or undamaged. The sem- 
inal vesicles do not touch the tail fin. 

The ovaries are long, fine tubes; when mature 
they reach to the posterior end or the middle 
of the anterior fins. The right ovary is usually 
shorter. Viewed laterally, the alternated posi- 
tion of the ovulae is clearly seen (Fig. 35). 

The number of ovulae in mature specimens 
is from 30 to 48. 

LENGTH: In a well-mixed population the 
most abundant size is 12-14 mm. In April, 
1958, from Monterey northwards, the prevailing 
size was from 14 mm. to 17 mm. The northern 
specimens all had stronger bodies and those 
from 13 to 15 mm. in length were mostly im- 
mature (Fig. 4). 
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FIG. 2. Sagitta bierii. a, Seminal vesicles, dorsal view; 6, ventral view. 


Immature specimens 16 mm. long with al- 
most no trace of ovaries were found. Others 
were observed with ovaries 1.0-1.5 mm. in 
length. A summary of measurements is given in 


Table 1. 


DISTRIBUTION: The species was recorded by 
R. Bieri (1957) in Peruvian waters, from col- 
lections of the Transpacific Expedition, and 
from Cape Blanco to Punta Eugenia ( Baja Cali- 
fornia) (Bieri, 1959). It was found in the 
CalCOFI collections of April, 1958, from Cape 
Mendocino, the northern limit of the sampling, 
down to the southern part of Baja California, 
as well as in the plankton samples from Peru- 
vian waters taken by the Consejo de Investi- 
gaciones Hidrograficas del Perd in February and 
April, 1958. 

S. bierit is found mainly from 100 to 580 
mi. offshore, and hence it is not coastal in hab- 
itat. 


RELATIONSHIPS: The shape of the seminal 
vesicles in the various forms of the “serrato- 
dentata group” is discussed by Ritter-Zahony, 
19116; Tokioka, 1939, 1940; Thomson, 1947; 
and Furnestin, 1953, 1957. In the present re- 
port, based on material from the Pacific and 
the Atlantic, the differences observed are given 
in Figures 5, 6, and 7 to compare with Figures 
2 and 3. 

S. serratodentata tasmanica reported by To- 
kioka (1959) apparently is S. bierii n. sp. for 
the following reasons: 

He says that S. selkirki Fagetti, from Chilean 
waters “resembles most closely tasmanica in the 
appearance of the seminal vesicles.” This is true 
and the species are certainly synonymous. The 
characteristic of the seminal vesicles as well as 
the other specific characters are identical for 
both. The anterior part of the seminal vesicles 
in both S. serratodentata tasmanica Thomson 


70 


and §. selkirki Fagetti have numerous short, 
soft protuberances (Fig. 6). This being true, 
S. serratodentata tasmanica cannot possibly be 
the species Tokioka describes (1959). The 
seminal vesicles which Tokioka (1959, fig. 7, 
p. 368) illustrated and described as belonging 
to S. serratodentata tasmanica Thomson, differ 
from the descriptions and figures of the seminal 
vesicles for this species as given by Thomson 
(1947) and Furnestin (1957), and for S. sel- 
kirki by Fagetti (1958). S. bierii n. sp., recorded 


b 


Fic. 3. Sagitta bierii. a, Seminal vesicles, lateral 
view; , ovary, lateral view. 
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Fic. 4. Sagitta bierii. Distribution of size in relation 


to the sexual stages, April 1958. Stage I, 
2 


; Stage 


from the same area where Tokioka (1959) re- 
ports §. serratodentata tasmanica, has seminal 
vesicles with one prominence at the anterior 
end (Fig. 24, 6) as figured by Tokioka for S. 
serratodentata tasmanica. 

Tokioka’s (1959, fig. 12, p. 372) figure of 
the left seminal vesicle for ? S. serratodentata 
atlantica does not agree with his own descrip- 
tion of the seminal vesicles for this species (To- 
kioka, 1940, p. 373 and fig. 7d, p. 374) nor 
with that given by Furnestin (1957, fig. 53, p. 
150). The seminal vesicle which Tokioka 
(1959) describes as belonging to ? S. serrato- 
dentata atlantica agrees with his drawing for 
S. serratodentata tasmanica in the same paper. 

In revising the chaetognaths of the “serrato- 
dentata group” from both the Atlantic and Pa- 
cific, it was easy to separate specimens belong- 
ing to the different species. Since the char- 
acteristics for each species appear constant with 
no characteristics in common among the differ- 
ent species except for the serrations on the 
hooks, each one can be considered to rank as 
a species. The fact that each one of these species 
typifies different masses of water offers addi- 
tional evidence for considering each one a good 
species. A revision of the name of each species 
appears at the top of each column in Table 2. 

Named after Dr. Robert Bieri, who recorded 
it in his work as Sagitta sp. in the “serratoden- 
tata group.” 

HOLOTYPE: USNM no. 29919. 


PARATYPES: USNM no. 29920. 
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Total 
length, 
mature, 
mm. 

% tail 


Body 
shape 


Collarette 


Posterior 
fins 


Seminal 
vesicles 


Ovaries 


. Serratodentata 
Krohn 1853 

. Serratodentata 
atlantica Toki- 
oka 1940, 
Thomson 1947, 
Furnestin 1953, 
1957 


23-26 


Same width from 
head to tail septum. 


Well apparent. 


Long, rounded. 
About same length 
on tail as on trunk. 
At level of tail, 
septum begins ray- 
less zone which ex- 
tends over anterior 
part of fin. 


Separated from 
tail fin, close to 
posterior fins. Two 
prominences at an- 
terior lateral cor- 
ner. Thickening of 
collarette tissue in 
front of anterior 
end. Markedly pro- 
tandric. 


Long tubes extend- 
ing to anterior end 
of anterior fins. 
Ovulae small and 
in one row. 


TABLE 2 


PRINCIPAL DIFFERENTIAL CHARACTERISTICS OF THE “Serratodentata GROUP” 


S. pseudoserrato- 
dentata Tokioka 
1939 


Smaller than in 
S. serratodentata. 


Long, rounded, 
more on tail than 
trunk. Very close 
to posterior fins. 
Internal portion of 
fins on trunk is 
rayless. 


Close to posterior 
end of posterior 
fins and at longer 
distance from tail 
fin. One promi- 
nence at lateral an- 
terior corner and 
small teeth at an- 
terior end. Pro- 
tandric. 


Fine tubes extend- 
ing to anterior end 
of ventral ganglion. 
Ovulae large for 
size of specimens, 
arranged in one 
row. 


S. pacifica Tokioka 

S. serratodentata 
pacifica, Toki- 
oka 1940, 
Thomson 1947, 
Furnestin 1953, 
1957 


As in S. pseudo- 
serratodentata. 


As in S. pseudoser- 
ratodentata. Very 
close to anterior 
fins. No rayless 
zone. 


Oval with thicken- 
ing frothy tissue. 
5-10 chitinous 
teeth at anterior 
end. Protandric. 


Very fine tubes, ex- 
tending up to neck. 
Ovulae in one row. 


| As 


S. tasmanica 
Thomson 

serratodentata 
tasmanica 
Thomson 1947, 
Furnestin 1953, 
1957 

selkirki Fagetti 
1958 


15-20 


in §. 
dentata. 


Serrato- 


Continuous with 
anterior fins by ex- 
tremely narrow 
connexion, not 
visible with low 
power 10 and in 
badly preserved 
specimens. More 
on tail than trunk. 
Rayless zone be- 
gins at level of first 
third of tail ex- 
tending over an- 
terior part of fin as 
in S. serratodentata. 


Close to posterior 
fins, separated from 
tail fin. Numerous 
short protuber- 
ances at anterior 
end. Notable thick- 
ening in front and 
behind vesicle. 
Markedly protan- 
dric. 


Long tubes extend- 
ing to ventral gan- 
glion. Ovulae in 
two rows. 


S. bierii n. sp. 


20.5—23.3 


Neck region 
long, thin. Body 
widest at ovary 
region. 


Very small, if 
present. 


Triangular, 
rounded, more 
on trunk than 
tail. No rayless 
zone. 


Pear shape. One 
prominence and 
no soft protuber- 
ances as in §, 
tasmanica. 


Fine tubes ex- 
tending to pos- 
terior end of 
anterior fins. 
Ovulae in two 
rows. 
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FIG. 5. Sagitta pseudoserratodentata Tokioka, seminal vesicles, two phases observed. 


Sagitta euneritica n. sp. 


The body is very translucent, almost trans- 
parent as in Sagitta setosa Miiller; however, 
the larger specimens which mature at a size over 
13 mm. in length appear less transparent. The 
body is uniform in width, narrowing at the 
head and at the tail ends. The rather poorly 
marked neck region is filled by a collarette. 
Viewed dorsoventrally on a dark background, 
the gut appears as a narrow white line extending 
from the head down to the body as in S. setosa. 

The anterior fins do not reach the ventral 
ganglion. They are wider at the posterior end 
and have no rayless zone. 

The posterior fins lie more on the trunk than 
on the tail. They are longer than the anterior 
fins, broadest behind the level of the tail septum, 


and they end touching the seminal vesicles. 
They are without a rayless zone (Fig. 8a). 

The head is somewhat square and regular in 
size. 

The eye pigment is gathered into a rather 
perfect square with several clear spots which 
differ in position and shape from those of 
S. setosa and S. euxina Moltschanoff (Furnestin, 
1958) (Fig. 8c, 

The collarette is well developed with the 
characteristic structure of round cells in a net- 
work. 

The sensorial cells are spread all over the 
body as they are in S. setosa and S. friderici 
Ritter-Zahony. 

The seminal vesicles are in contact with the 
tail fin and with the posterior fins. They are 
not very prominent, being small and similar to 
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TABLE 3 


MEASUREMENTS OF Sagitta euneritica n. sp. 


NUMBER TOTAL | TAIL LENGTH, MM. OVARY LENGTH, MM. 
OF LENGTH, - - - +—_—_—- — 4 
SPECIMENS MM. Median Range Median | Range 


HOOKS ANTERIOR TEETH | POSTERIOR TEETH 


Mode | Range | Mode | Range | Mode Range 


(3.0-3.4) | /(20-2.0)| 7-9 68 | 14-16 
(3.0-3.4) | 1. (1.0-2.2) 16) 


1(8-9)| 6 (10-16) 
(3.0-3.2) , (1.0-2.5) (7-9) (5-7) (12-16) 
(2.5—3.2) (1.0—2.3) 


(7-8) (6-7) (10-16) 
(2.5-3.0) (1.0-2.0) (7-9) | (4-7) (10-16) 
(2.5-3.2) (0.4—3.0) 


(7-9) (5-7) (10-16) 
(2.5-3.0) : (0.6-2.6) (7-8) (5-6) (10-12) 
(2.3-3.0) : (0.0-2.5) (7-9) (4-7) (10-16) 
(2.3-2.6) | 0. (0.3-2.0) (7-8) (4-7) (10-12) 
(2.0-2.6) . (0.3-1.3) (7-8) (4-6) (10-14) 
(2.0-2.3) ‘ (0.3-1.0) (6-8) (4-6) (10-12) 
(2.0-2.2) | 0.54 | (0.3-1.1) (7-8) (4-6) (10-12) 
(1.8-2.0) ' (0.2-0.7 ) (7-8) (3-6) ( 8-12) 
(1.6—2.0) (0.1-0.4) (7-8) (2-6) 6-12) 
(1.5-2.0) (0.1-0.3 ) (7-8) (3-6) 
(1.5-2.0) (0.1-0.3) (7-8) (3-6) 
(1.5-2.0) (0.1-0.2) (7-8) (3-5) 
(1.4-1.9) I (0.1-0.2) (7-8) 4 (3-5) 
(1.3-1.5) (0.1-0.2) (7-8) (2-4) 
(1.3-1.5) (7-8) ; (2-4) 
(1.21.3) | (2-3) 


1. 
1. 
1. 
l. 
1. 
l. 
l. 
0. 


TABLE 4 


PRINCIPAL DIFFERENTIAL CHARACTERISTICS OF FORMS CLOSELY RELATED TO Sagitta euneritica n. sp. 


S. setosa Miiller S. friderici Ritter-Zahony S. euneritica n. sp. 


Total length, 10-14 10.5-15.5 
mm., mature | 


% tail | 16-21.7 | | “19-22 


Anterior fins Begin somewhat behind ven- | Begin at posterior end of ven- | Begin a small distance behind 
tral ganglion. | tral ganglion. posterior end of ventral gan- 

glion. 


Posterior More on trunk than tail, and | More on tail than trunk, and | More on trunk than tail, and 
fins end at seminal vesicles. ;extend to seminal vesicles. extend to seminal vesicles. 


Collarette | Very small. | Noticeable. | Well developed. 
Seminal Far from tail fin and close to | Touching both tail fin and pos- | Touching both tail fin and 
vesicles posterior end of posterior fins. | terior fins. posterior fins. 


Ovaries Short, extend to anterior end | Extend forward of anterior end | Short, extend to anterior end 
of posterior fins. Ovulae large | of posterior fins. Ovulae regu- | of posterior fins. Ovulae small, 
and in small numbers. lar in size and numerous. filling ovaries. 


‘ 
int 
7 
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FiG. 6. Sagitta tasmanica Thomson, seminal vesicles, 
ventral view. 
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those of S. neglecta Aida (Fig. 9), and they 
belong to the “bedoti-type” (Tokioka, 1939). 
To compare the seminal vesicles of S. euneritica 
n. sp. with those of S. friderici Ritter-Zahony, 
see Tokioka, 1955, and Furnestin, 1953 and 
1957; and to compare with S. setosa Miiller 
see Furnestin, 1958. 

The ovaries almost fill the width of the body 
and extend up to the anterior end of the poste- 
rior fins. The ovulae are not as large as those 
in S. setosa and they completely fill the ovaries. 

The ecology of this species is very similar to 
S. setosa and S. friderict which are also found 
in coastal waters. In the California region S. 
euneritica 0. sp. appears in large numbers 
(thousands per sample) in the neritic areas. 
In some places they are carried offshore by 
local superficial currents or eddies. In these 
cases the total number per haul gradually de- 
creases as the distance from shore increases. 

Table 3 gives the meristic characters and 
armature formulae. 


FIG. 7. Sagitta pacifica Tokioka. a, Seminal vesicles, dorsal view; 4, ventral view. 
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It appears that S. ewneritica n. sp. is closely 
related to S. setosa Miiller and S. friderici Ritter- 
Zahony, but there are several points of difference 
as shown in Table 4 and Figure 10. 


DISTRIBUTION: In the collections studied, 
CalCOFI cruises 5405 and 5804, it occurred 
close to shore from Cape Mendocino to Punta 
Eugenia in Baja California. Dr. Fager of the 
Scripps Institution collected some specimens 
using a hand-operated dredge net, when diving 
off the Tijuana River mouth (June, 1958) at 
a 50-ft. depth and also south of Scripps Pier 
( August, 1958) at 20- and 26-ft. depths. 

Bieri (1957 and 1959) recorded this species 
as S. friderici ? in the same area along the coasts 
of North America extending south to the waters 


of Peru and Chile. 


HOLOTYPE: USNM no. 29917. 
PARATYPES: USNM no. 29918. 


FiG. 7c. Sagitta serratodentata Krohn, seminal ves- 
icles, dorsal view. 


FiG. 8. Sagitta euneritica. a, Dorsal view; 4, lateral 
view; c, left eye, mature specimen; d, left eye, im- 
mature specimen. 
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FiG. 9. Sagitta euneritica, seminal vesicles, dorsal 
view. 
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chiefly from the bays of Sagami and Suruga 
with some notes on the shape and the struc- 
ture of seminal vesicles. Rec. Oceanogr. Wks. 
Jap. 10(2). 
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1940. A small collection of Chaetog- 
naths from the coasts of New South Wales. 
Aust. Mus. Rec. 20(6). 

1955. Notes on some Chaetognaths from 
the Gulf of Mexico. Bull. Mar. Sci. Gulf 
Caribbean 5(1). 

1959. Observations on the taxonomy 
and distribution of Chaetognaths of the North 
Pacific. Seto Mar. Biol. Lab. 7(3). 
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ONE COMPLETE POLYCHAETE SPECIMEN and 
two fragments collected by E. F. Ricketts in 
1940 from Cape San Lucas, Lower California, 
are described here as members of a new species. 
The individuals concerned were taken from the 
tubes of Spirobranchus incrassatus Morch, a ser- 
pulid polychaete. The new species resembles 
other polydorids in some characteristics, but is 
significantly different from all known species; 
the differences are discussed below. 


Polydora rickettsi, n. sp. 


The body is flattened in shape in the anterior 
segments, becoming more rounded posteriorly. 
The posterior end is not sharply tapered but is 
only about half the width of the first few seg- 
ments. The modified Sth segment is greatly 
enlarged. 

The complete specimen measured 10.0 mm. 
in length and included 104 segments. The 
anterior and posterior regions have a brown 
surface pigmentation, anteriorly along the lateral 
edges of the prostomium and posteriorly on all 
surfaces of the five prepygidial segments. 

The rounded prostomium (Fig. 1) with its 
lateral lines of pigment produces an anterior 
end closely resembling that of the common 
California spionid, Boccardia proboscidea Hatrt- 
man (1940). The greatly pronounced caruncle 
extends to the anterior margin of the modified 
Sth segment. There is a slight fold in the car- 
uncle in the region bordered by the posterior 
half of the palpal bases but there is no nuchal 
tentacle. The eyes were not visible and may have 
been faded by the preservative, although the 


‘Department of Biology, Fresno State College, 


Fresno, California. Manuscript received January 15, 
1960. 


Fics. 1-7. Polydora rickettsi, a. sp. 1, Anterior end, dorsal view (x 144); 2, 3, 4, specialized setae of modi- 


Polydora rickettsi, a New Species of Spionid Polychaete 
from Lower California 


KeitH H. Woopwicxk! 


body pigmentation was not greatly affected. 

The thick palpi are short, being equal in 
length to the first seven segments of the worm; 
they are tapered at the distal end. In dorsal 
view the peristomium is barely visible lateral 
to the palpi. 

The Ist segment lacks notosetae but the 
notopodial lobe is present. The lobe is very 
small and is crowded in at the lateral edge of 
the palpal base. The neuropodial lobe is shifted 
dorsally but remains ventral to a line created 
by the notopodial lobes of the 2nd, 3rd, and 
4th segments. These segments have notopodial 
and neuropodial lobes and setae. Their septal 
lines are erased dorsally by the presence of 
heavy longitudinal muscles paralleling the car- 
uncle. 

The enlarged Sth segment has a heavy mus- 
culature which overlaps most of segment 6 and 
part of segment 7 dorsally (Fig. 1). Anteriorly 
it crowds segment 4 and has a small anterior 
roll or cuff in that region. The heavy muscle 
bands associated with the specialized setae orient 
from the anterior lateral portion of the seg- 
ment to the posterior median line. The an- 
terior dorsal capillary setae precede the row of 
specialized setae. The latter have a main fal- 
cate tooth and a sharply curved pointed ac- 
cessory tooth. There also is a flange located 
laterally on the main tooth at the level of the 
accessory tooth (Figs. 2, 3, 4). The companion 
setae are smaller plumose setae (Fig. 6). There 
is a very poorly developed bundle of neuropo- 
dial capillary setae. These are difficult to see 
and ordinarily are not taken when the special- 
ized setae are removed for further study. 

The 6th segment is about half the size of the 
8th and the setal lobes are poorly developed. 


fied Sth segment, new, worn, greatly worn, each at a different angle ( 555); 5, ventral hooded hooks from 
the 7th segment ( 900); 6, companion setae from modified Sth segment ( 1800); 7, pygidium, in poste- 


rior dorsal view ( 120). 
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TABLE 1 
COMPARATIVE CHARACTERISTICS 
| LENGTH OF | | FIRST SEGMENTS, 
SPECIES PROSTOMIUM CARUNCLE BRANCHIAE | SEGMENT |NEUROPODIAL HABITAT 
NOTOSETAE SPINES 
Polydora rounded | to the | begin 7th, absent absent Spirobranchus 
rickettsi | (lateral | Sth | large to tube 
Nn. sp. pigmentation) | segment 30th 
Polydora bifid $< | to the | begin 7th, absent | present shell of Balanus, 
hoplura | 3rd | to 10th—20th | (boathook) sponges; shore, 
| last bottom of ship 
Polydora bifid anterior end | begin 10th, present absent shale 
giardi or middle of | to 25th | coralline algae 
the 4th 
Polydora bifid | to the 4th begin 11th present absent broken shells, 
anoculata | or Sth or 12th Amaroucium 
Polydora | weakly bifid leothe 3rd begin 7th, absent absent burrow in 
ciliata or mid-2nd to 10th last shells of 
| many forms 


The dorsal septal line is broken by the oblique 
muscular bands of the Sth segment. The mus- 
cles also reach into the 7th segment, but the 
latter is nearly full-sized and holds the Ist gill 
(not fully developed), and also the first rep- 
resentation of the distally bidentate neuropodial 
hooded hooks (Fig. 5). In these neuropodial 
setae the main tooth forms an oblique angle, 
with the shaft following the angle measure- 
ment system of Séderstrém (1920). There are 
seven hooded hooks mixed with capillaries in 
the 7th segment; the capillaries do not persist. 

The branchiae are full-size from the 8th seg- 
ment to the 30th; they decrease in size to the 
66th segment, where they are continued pos- 
teriorly as small papillae. 

There are no posterior notopodial hooks or 
spines. 

The disclike pygidium has a dorsal notch and, 
although not broadly flared, is greater in diam- 
eter than the prepygidial segments (Fig. 7). 


DISCUSSION 


Other polydorids reported from Mexican wa- 
ters are discussed in Rioja (1943) and include 
Polydora armata, P. ciliata, P. cirrosa, P. com- 


mensalis, P. flava, P. giardi, P. heterochaeta, P. 
ligni, P. socialis, and P. tricuspa. Of these species 
P. giardi and P. ciliata most closely resemble 
P. rickettsi in characteristics and habitat. Some 
of the characteristics of these three forms, and 
of the morphologically similar P. hoplura and 
P. anoculata from other waters, are compared 
in Table 1. In addition to the contrasting char- 
acters shown in the table the five species have 
characteristics in common, including the fol- 
lowing: specialized setae with a main falcate 
tooth and a subterminal accessory tooth in the 
Sth segment, hooded hooks beginning in the 
7th segment, disclike pygidia, and the absence 
of nuchal tentacles. 

TYPE MATERIAL: The holotype and additional 
material have been deposited in the polychaete 
collections of the Allan Hancock Foundation, 
University of Southern California. 

TYPE LOCALITY: P. rickettsi, known only from 
the tube of Spirobranchus incrassatus Mérch, 
was collected March 18, 1940, at Cape San 
Lucas, Lower California, Mexico. 

BIOLOGY: The specialized setae of the Sth 
segment, which are like those present in other 
boring polydorid species, and the habitat of 
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Polydora rickettsi—W OODWICK 


this worm suggest the species to be a boring 
form. Steinbeck and Ricketts (1941: 368) re- 
port the following for Spirobranchus incras- 
satus, the associated serpulid species, “An im- 
portant feature of the low intertidal landscape 
at Cape San Lucas, where the anastomosing 
calcareous tubes of this large and spectacular 
worm encrust the rocks.” 
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An Ecological Perspective of Marcus Island, with 
Special Reference to Land Animals 


SHOICHI F. SAKAGAMI' 


MARCUS IS A SMALL, remote reef island in the 
vast western Pacific. It is located at N. 24° 
20’, E. 154° (Bryan, 1903), being 1,000 km. 
ENE. of- Farallon de Pajaros (the northernmost 
of the Mariana Islands), 1,300 km. E. of Iwo 
Jima, and a little farther WNW. of Wake 
(Gressitt, 1954).* Prior to World War II the 
island was a Japanese dependency. Now it is 
a part of the Trust Territory of the United 
States, but there is no active establishment upon 
it except for a weather station belonging to 
the Central Meteorological Observatory of To- 
kyo. Through the courtesy of the Observatory, 
I had an opportunity to visit the island, together 
with Dr. N. Kuroda of the Yamashina Orni- 
thological Institute (birds) and Mr. M. Ya- 
mada of our Institute (marine invertebrates ) , 
during April 30 to May 6, 1952, and to observe 
its land biota. Although our observations were 
not extensive because of lack of sufficient time, 
I believe that the results are worth publishing 
because of our scanty knowledge of the ecology 
of the smaller Pacific islands and the lack of 
comprehensive biological research on this is- 
land since Bryan's visit in 1903. 


TOPOGRAPHY AND SOIL TEXTURE 


Marcus Island is a raised atoll formed on an 
elevation of submarine mountains in northern 
Micronesia. As seen in Figure 1, it is triangular, 
with south and north shores of about 2 km., 
and the northwest shore a little longer. The 


‘Contribution No. 486 from the Zoological Insti- 
tute, Faculty of Science, Hokkaido University, Sap- 
poro, Japan. Manuscript received March 19, 1959. 

* Location of the island differs slightly from one 
record to another: N. 24° 17’ 30”, E. 153° 58’, ac- 
cording to the notification by the Tokyo Prefectural 
Office (1898); and N. 24° 17°35”, E. 154° 4’ 30”, 
and N. 24° 17°02”, E. 154° 1’, respectively, accord- 
ing to observations by two Japanese cruisers, the 
Kasagi and the Takachiho (Yoshida, 1902). 
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lagoon between the island and the fringing reef 
is about 200 m. on the NW. shore but is much 
narrower on the S. and E. shores (Fig. 2). All 
of the shores are lined by sandy beaches, ex- 
cept at the northernmost parts of the NW. coast, 
where the old, already mineralized reef occurs 
along the beach (Figs. 1, 3). The reef is con- 
nected with the outer ocean by means of two 
indentations in the E. and S. shores, respectively. 
Only the southern indentation is used, however, 
as the harbor for landing by boats (Fig. 1c), 
as large ships cannot approach the harbor be- 
cause of the dangerous underwater reef. The 
island is very flat. Formerly, the highest altitude 
was reported as 22 m. by Bryan (1903), but 
now, because of the leveling undertaken during 
the war, it is only 7 m. near the northern cape. 
Also, the trace of an old lagoon discovered by 
Bryan was filled up with earth by the wartime 
activities (Matsubara, private communication 
to the writer). A runway of about 1,700 m. 
running across the island parallel with the NW. 
shore and a broad road near the southern shore 
now divide the island into three areas, the NW. 
zone, the S. zone, and the E. triangle (Fig. 1). 
As previously mentioned, the weather station 
and accompanying facilities are the only estab- 
lishments now active on the island. But re- 
mains of ruined buildings constructed by both 
Japanese and American military forces during 
or after World War II are scattered everywhere. 
The earth consists exclusively of coral sand and 
pebbles. The latter vary in dimensions from 
mere large sand grains to pieces of gravel more 
than 5 cm. in length (Fig. 10). Accumulation 
of humus was observed only in the E. triangle, 
where the vegetation was relatively well de- 
veloped. 

In summary, Marcus is extremely poor in land 
area, soil texture, and topographical diversities. 
How such a poverty reflects on the land biota 
will be described subsequently. It must be men- 
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tioned also that the fringing reef may serve to 
a certain degree as a physical barrier against 
the immigration of various terrestrial organisms. 


CLIMATE 


Thanks to the occurrence of a weather sta- 
tion, which initiated its postwar activities in 


Fic. 1. 
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April, 1951, we possess a rather precise picture 
of this mere heap of sand and pebbles in the 
vast ocean. Means of maximum, mean, and 
minimum daily temperatures during my stay 
were 25.9°, 22.7°, and 21.0° C., respectively; 
the average annual trends of various climatic 
factors are shown in Table 1. From these data, 


Marcus Island. Drawing based upon a map used in the Observatory, show- 


ing Messerschmidia and Pisonia (dots), papaya (triangles), coconut palms (crosses), 
buildings (including ruined ones). Minute dots denote the density of Ipomoea. a, Office 
of weather station; 6, lodging house; c, harbor; d, ruined barracks. 
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TABLE 1 


CLIMATE OF MARCUS ISLAND 
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( The data are the averages obtained during 1952—4. Maximum and minimum values 
are the extreme ones noted during the four years. ) 


TEMPERATURE 

Max Mean Min. 
January 29.7 22.4 17.2 
February 28.5 22.4 16.3 
March 29.9 23.0 18.0 
April 31.9 24.8 18.4 
May 33.3 26.3 19.8 
June 33.8 28.1 23.1 
July 35.3 27.3 22.8 
August 33.7 27.3 21.8 
September 35.3 27.9 22.8 
October 33.5 26.8 21.9 
November 34.2 26.0 22.0 


December 


it is suggested that Marcus has a relatively dry 
climate in spite of its oceanic position. Actually, 
it occupies an intermediate position between 
Aw and Bs of K6éppen’s climate formula, al- 
though the differentiation of seasons is relatively 
less conspicuous. According to the climate clas- 
sification by Kira (1953), who established an 
excellent climate system based upon two very 
simple indices, warmth and humidity,* the is- 
land lies at the cool-arid corner of his type By 
(tropical semiarid climate). From the climo- 
graphs and hithergraphs shown in Figure 11,* 
together with those of Chichijima (Bonin Is. ), 
Yap, and Honolulu, the annual cycle can be 
roughly divided into two seasons, namely, Octo- 
ber to April, which is dry, cool, and windy; and 
May to September, which shows the opposite 


* Warmth Index: W = 


temperature of each month; i = number of months 
when t>5. Humidity Index: K = 2P/(W+140), 


i (t-5), where t = mean 


where P = annual rainfall, W — Warmth Index. 

‘In the hithergraph, high rainfall in July is mainly 
caused by an abnormally rainy weather in 1953 
(500.2 mm.). In other years, 76.8 (1951), 177.1 
(1952), 144.7 (1953), and 189.3 (1954), respec- 
tively. 


Warmth Index, W = 245.8° C. 


WIND VELOCITY | RAINFALL 


MEAN 

RELATIVE (m/sec) (mm. ) 

Max. Mean Total Max/hr 
t 
72 18.3 7.6 66.9 28.5 
75 18.1 7.5 53.5 25.7 
76 18.4 7.8 39.5 10.9 
78 17.6 8.1 37.8 8.7 
78 13.2 5.7 48.7 15.9 
75 12.4 4.5 43.0 23.0 
78 16.4 6.0 252.8 59.2 
79 15.6 64 189.1 23.9 
76 16.5 7.3 82.4 31.0 
78 18.9 7.1 117.8 28.6 
77 18.5 7.1 45.7 12.3 
73 66.1 


Humidity Index, K = 5.4. 


trends. Bryan also reported the danger of land- 
ing during October to April, because in that 
season the waves beat violently upon the reefs 
and shores. This was also confirmed in my trip 
by the staff of the weather station. As the is- 
land is located in the western part of the north- 
east trade-winds belt, the prevailing winds are 
from the east, but certain northern trends mingle 
during October to April. Furthermore, the in- 
fluence of typhoons, which frequently visit in 
September and October, must not be overlooked. 
For instance, the island was completely washed 
by violent waves from the south to the north- 
west and eastern shores, when typhoon Sara 
passed over the island in October, 1951. Max- 
imum wind speed was 40.5 m/s; maximal in- 
stantaneous speed, 50.9 m/s; rainfall, 154.9 
mm. (For the effects of typhoons, see also the 
Appendix. ) 

The climatic features mentioned above may 
be well explained by the location and topog- 
raphy of the island. Gressitt (1954) mentioned 
that there was occasionally found a dry local 
climate within the generally wet, oceanic cli- 
mate of Micronesia, especially in low islands 
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and atolls. Its minute size and the poor con- 
servation of water by coral sand may be the 
main causes of the dry climate of Marcus, as 
in Wake Island with a similar topography and 
climate. Consequently, the climate of Marcus 
is, in spite of its subtropical position, inadequate 
to support a luxuriant flourishing of organic 
and ecological diversities. (Rain is the only 
source of fresh water in the island.) 


FLORA AND VEGETATION 


The flora of Marcus has been reported by 
Yabe (1902), Bryan (1903), and Tuyama 
(1938). The plants collected by me were kindly 
determined by Dr. Tuyama. They are listed in 
Table 2, together with those reported by the 
earlier publications. Comparison of the present 
flora with those of previous studies will be dis- 
cussed later. Here the discussion is limited to 
the plants collected by myself. Judging from 


TABLE 2 
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the size and topography of the island, I believe 
that the collection of the plants which were 
growing there during my stay is almost com- 
plete. It is obvious from Table 2 that the flora 
is extremely poor both in number of species 
and in endemism. Most of the species are 
either cosmopolitan or tropicopolitan, or are 
those which behave as dominants in many com- 
munities because of their great vigor. In other 
words, we find here no more than a typical 
example of the poor flora of oceanic atolls. 
The structure of the vegetation, too, is very 
simple. The arboreal stratum was composed of 
Messerschmidia and Pisonia mixed in an ap- 
proximate ratio of 7:3, although the latter was 
relatively scarce outside the E. triangle ( Figs. 
1, 4). The density and resulting coverage was 
highest in the E. triangle and next highest along 
an abandoned road in the northern section of 
the NW. zone. In addition to these two dom- 
inants, about a dozen papayas were observed 


SYNOPTIC TABLE OF PLANTS RECORDED FROM MARCUS ISLAND 


YABE (1902) 


BRYAN (1903) 


Tounefortia argentea Tounefortia servicea 


Cocos nucifera Cocos nucifera 


Morinda citrifolia Rubiaceae gen. sp 


Carica Papaya 


Pisonia grandis 


Portulacea oleracea Portulacea lutea 
Tobacco tobacco 


Boerhaavia repens 


Ipomoea pes-caprae 


Eleusine indica 


Species recorded at least in two occasions 


Messerschmidia argentea 


Cocos nucifera 


Portulacea oleracea 


SAKAGAMI 


TUYAMA (1938) (Identified by Dr. Tuyama) 


Messerschmidia argentea 


Cocos nucifera 


Morinda citrifolia 


Carica Papaya 
Pisonia grandis 
Portulacea oleracea 


Nicotiana Tabacum 


Boerhaavia repens 


Ipomoea pes-caprae 


Eleusine indica 


Species recorded only once 


Graminae gen. sp. Euxolus sp. 
Panicum pruriens 
Rotthoellia sp. 
a low trailing herb 


an unknown herb 


Dactyloctenium aegypticum 
Setaria lutescens 
Syntherisma sangunalis 
Scaevola frutescens 
Malvastrum tricupidatum 
Lepturus repens 


Bryophyllum pinnatum 
Pennisetum setosum 
Cenchrus echinatus 
Erigeron sumatrensis 
Euphorbia hirta 
E. prostrata 
Sonchus oleraceus 
Boerhaavia diffusa 
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along two paths penetrating the E. triangle 
( Figs. 1, 8). The coconut palm, which formerly 
had been the leading member of the arboreal 
stratum, was represented by only three under- 
nourished saplings, as is indicated by the crosses 
in Figure 1. 

The simplicity of the herbaceous layer was 
much more surprising. It was practically no 
more than an overwhelming dominance of 
Ipomoea pes-caprae. The density was also highest 
in the E. triangle, except its NW. section, but 
the stout runner extended its domain through- 
out the island except on the outermost margins 
of the sandy beaches. In the center of the E. 
triangle, this creeper constituted a pure com- 
munity of about 1 sq. km., excluding all other 
herbs; there one could walk hundreds of meters 
on a thick bed of intermingled vines, both 


Fic. 10 


living and withered, without touching the soil 
surface (Fig. 4). 

Consequently, other herbs and grasses, al- 
though most of them were very vigorous weeds, 
grew only in limited areas, apparently where 
the pressure of Ipomoea was not conspicuous, 
namely, in wooded edges, roadsides, and the 
NW. section of the E. triangle. In such zones, 
Portulaca and Cenchrus were dominant mem- 
bers of the lower stratum, and Pennisetum, Ni- 
cotiana, Eleusine, and Sonchus of the higher 
one. The area richest in species was the con- 
fluent point of the runway and the other broad 
road, where most species of herbs and grasses 
were collected. On the other hand, no plants 
other than Ipomoea were discovered on the 
beaches ( Fig. 9). From this description, it may 
be recognized that the island is extremely simple 
in both floristic and vegetational aspects. 


FAUNA 


The birds and mammals collected or observed 
in our survey were described by Kuroda (1954). 
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All other land animals collected or observed by 
me, or those later sent me from the weather 
station, are listed in Table 3, accompanied by 
notes on distribution and abundance. The fol- 
lowing remarks will explain the data presented 
in the table. 

1. The number of species given in parentheses 
after the names of the major taxonomic groups 
does not always coincide with the number listed 
under each group, because the familial char- 
acters were not determined for some specimens 
which were not caught or were lost before or 
during the preparation of our data. 

2. Under the column showing range, the dis- 
tribution of identified species in other districts 
is mentioned. In the majority, however, only 
the pattern of geographic distribution is given, 
using the following abbreviations: E, endemic 
at present; C, cosmopolitan; T, tropicopolitan, 
including Indo-Pacificopolitan; P, Pacificopoli- 
tan; and Pa, Palaearctic. These patterns are 
naturally very conventional, for the distinction 
among C, T, and P is often subjective. 

3. Under the column showing abundance, the 
relative abundance of each species is shown with 
marks: ++, very abundant; +, abundant; +, 
common; —, rare. The jast observation may 
express not an actual rareness, but only a cryp- 
tic life-mode. 

4. The distribution and relative abundance of 
each species in the various habitats (see the 
definition of A, B, etc., in the next paragraph) 
are indicated by O (for occurrence) or A (for 
abundance). Where holometabolic insects are 
concerned, the distribution is considered only 
with respect to adults, but in the sphingid and 
noctuid moths, only with respect to their cater- 
pillars, inasmuch as the adults were collected 
only at lights. 

5. The species observed but not collected are 
marked with an asterisk, and those which were 
only indirectly confirmed are marked with a 
dagger. 


DISTRIBUTION OF ANIMALS 
IN VARIOUS HABITATS 


In order to obtain a closer perspective with 
regard to the ecological distribution of animals 
listed above, the island was divided into the 


PACIFIC SCIENCE, Vol. XV, January 1961 


following habitat zones, based upon topography 
and vegetation (Fig. 12). 

A: Areas with both arboreal and herbaceous 

strata (Fig. 4 and Fig. 5, back): 
A,: Floor stratum, including earth surface 
and sites beneath gravel and stones. 
A»: Herbaceous stratum, consisting of Ipo- 
moea foliage alone. 
A;: Arboreal stratum, consisting of Mes 
serschmidia and Pisonia as dominants. 

B: Areas without arboreal stratum, with rel- 
atively tall grass and herbs, and with poor 
development of Ipomoea ( Fig. 5, left) : 
B,: Floor stratum corresponding to A,. 
B.: Stratum of short grass and herbs. 

B;: Stratum of tall grass and herbs. 

C: Areas with short grass and herbs alone; 
Ipomoea cover is more developed than in 
B (Fig. 5, middle): 

C,: Floor stratum corresponding to B,. 
C.: Stratum of grass and herbs. 

D: Areas largely exposed, with patchy de- 
velopment of grass and herbs; Ipomoea 
cover less developed than in C: 

C’ (C’; and C’,): Littoral zones corre- 

D’ sponding to C and D 
in habitat structure. 
However, con- 
sisted of scattered 
establishments of Ipo- 
moea frontiers alone, 
and D’ is almost aphy- 
tic. 

H: Areas disarranged by human activities. 

The relative size of these habitats was ap- 
proximately A greater than or equal to C’ ap. 
proximately equal to D’ > D > B approximately 
equal to C. The richness of each habitat in num- 
ber of species and in ecological endemicity may 
be roughly estimated by comparing the total 
species number with the number of species 
found exclusively in each habitat (see Table 4). 
Conclusions derived from these data are: 

1. With respect to vertical distribution, the 
floor strata are far richer both in species number 
and in ecological endemicity than are the upper 
strata. Apparently, this is caused by the poor 
development of vegetation in the latter. 

2. Horizontally, A is the richest section in 
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FiG. 11. Climograph (above) and hithergraph of Marcus, Chichijima (Bonins), Yap, and Honolulu. 
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FAMILY 


Megasco- 
lecidae 


Grapsidae 


Coenobi- 
tidae 
Porcellidae 


Mecisto- 


Pholcidae 


Salticidae 


dae 


Argiopidae 


Oribatidae 


Dithidae 


Garypidae 


Entomo- 
hyridae 


Machilidae 


cephalidae 


Heteropodi- 


SPECIES 


| gen. sp. 


? Allolobophora sp. 


|  (Millne—Edwards) 


+Coenobita sp. 

| Armadillo sp. 

| Porcellio sp. 1 
Porcellio sp. 2 
gen. sp. 


Mecistocephalus 


marcusensis Miyoshi 
Henicopidae.| Lamyctes sp. 


| Pholcus crypticoleus 
Bosenberg & Strand. 
Plexippus paykulli Aud. 


Heteropoda venatoria 


(L.) 
Neoscona theisi 
(Walckenaer) 


gen. sp. 


| Ditha (Paraditha) mar- 
cusensis (Morikawa) 
Chthoniidae.| Lechytia sakagamii 


Morikawa 


Geogarypus (Geogary- 
pus) micronesiensis 


Morikawa 


Drepanocyrtus terrestris 


Folsom 


Lepidocyrtus sp. 


Lepismatidae | Ctenolepisma villosa 


Escherich 
*gen. sp. 


Sira jacobsoni Borner 


TABLE 3 


ABUN- 


RANGE DANCE A; Az As 


Mollusca—Orthurethra (1) 


O 
Annelida (1) 


O 


Crustacea (6) 


++ AOO 
(x) 
= Oo 


Myriapoda (2) 


E 0 
O 


Arachnoidea—Araneae (6) 


Pa 

+ Oo 

+ Oo 
T ++ A 


+ | 
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Apterygota (5) 


Arachnoidea—Acari (3) 
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DISTRIBUTION AND RELATIVE ABUNDANCE IN 
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Arachnoidea—Cheriferidea (3) 
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Libellulidae..| *Diplacodes bipunctata 


Brauer... 
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TABLE 3 (Continued) 


DISTRIBUTION AND RELATIVE ABUNDANCE IN 
VARIOUS HABITATS 


DANCE A: Az As Bi Be Bs Ci Ce 
Odonata (1) 


(+?) (O) 


Orthopteroidea (13) 


Blattidae..._.| Periplaneta americana 
(L.) : z ++ 
P. australasiae (L.) + 
?Blatta sp. oO 
?Blattella sp. 
Leucophaea surinamen- 
sis (L.) T Oo 
Anisolabi- | 
idae..... | Anisolabis martima 
(Borelli) Cc + 
Euborella annulipes 
(Lucas) + oO Oo 
Labiduridae..| Labidura sp. = 
Gryllidae......| Landreva clara Walker T ++ A Oo A 
| Ornebius sp. + oO 
Locustidae....| Aiolopus tamulus 
(Fabricius) T + Oo A O 
| Locusta migratoria ssp. ++ AA 00 00 
Embioptera (1) 
Oligo- 
tomidae Oligotoma saundersi 
| Westwood Ori- 
ental | ++ oO 
Psocoptera (1) 
+ | 
Hemiptera (9) 
Coccidae Coccus hesperidum L..... + Oo Oo 
Aphidae | Aphis gossypii Glover Cc + oO oO 
Coreidae Liorbyssus byalinus 
(Fabricius). Oo 
Miridae | Cyrtopeltis ( Nesidio- 
coris) tenuis (Reuter) = Oo 
Nabidae. | Nabis capsiformis 
Germer Cc + Oo Oo 
Lygaeidae.....| Nysius pulchellus (Stal) oO oO 
| Pachybrachius nigriceps 
| (Dallas). Pp + oO oO 
Antho- 
coridae Gardiastethus fulvescens 
(Walker) T = 
Cydnidae. Geotomus pygmaeus 
| (Dallas) T = Oo Oo 
Lepidoptera (5) 
Sphingidae...| Herse convolvuli L. Cc + Oo 
Noctuidae Prodenia litura Fabricius = ++ A 0 
| Achaena melicerta Drury T 
Arctidae Utethesia pulchella ssp. P + A 
a micro-moth = Oo 
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TABLE 3 (Continued) 


DISTRIBUTION AND RELATIVE ABUNDANCE IN 


| caespitum 


| ABUN- VARIOUS HABITATS 
FAMILY SPECIES RANGE | DANCE |/A; As As | B; Bz: Bs | | D | D’ | H 
Coleoptera (7) 
Curculio- 
nidae.. Oxydema fusiforme 
Wollaston. P - oO 
Cylas formicarius 
Fabricius......... T = 0 
| Calandra oryzae L.. © £ oO 
Tenebrio- | 
nidae... Tribolium castaneum 
Cc + oO 
Oedemeridae| Eobia chinensis Hope Pa + A A 
Coccinell- 
idae............| Seymnus sp...... O 
Elateridae.....| ?Harminius | | oO 
‘Hymenoptera (6) 
Sphecidae....| Sceliphron cementarium | 
(Drudy)..... Nearc- | 
tic | + oO lo 
Vespidae...... | +Eumeninae gen. sp.. 
Formicidae...| Solenopsis geminata 
Fabricius....... T — 0:00) 
| Tapinoma melano- 
| cephalum Fabricius T + AOQOO;AOO 
| Lasius niger ssp......... Pa ++ AOO|;|AOO/AO me) 
| 


Diptera (i ) 


Syrphidae Ischiodon scutellaris 
Fabricius... T + 
Drosophil- 
idae.. Drosophila melanogaster 
Meigen: * 0 0 
Anthomyidae| Atherigona excisa 
Thompson P + A 
Muscidae. Musca domestica L. + oO 
Lucilia sericata L.. oO 
Sarcopha- 
gidae Parasarcophaga (Liosar- 
cophaga) misera 
(Walker) + Oo 
Phoridae........ Aneurina sp. | + 
Ephydridae...| gen. sp.. — O | 
Agromyzidae| gen. sp. O | oO 
Sphaeroceri- 
dae..... | gen. sp. oO 
Dolicho- 
podidae._..| gen. sp. + om om 


Scincidae. 


| Cryptoblepharus bouto- 
nit nigropunctatus 


(Hallowell) Bonins ++ AOO;AO AO A;iOO 
Geckonidae. | Gehyra variegata ogasa- 


|  warasimae Okada i 


4, 
| 
bee 
Pa O 
Reptilia 
| | | | ¥ 
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both species number and ecological endemicity. 
This is natural because this habitat occupies 
more than half of the island and is biologically 
the most productive and stable zone. It must be 
mentioned, however, that A has a relatively poor 
fauna, depending on its very simple vegetation, 
as in C’s. 

3. D’ is obviously the poorest habitat because 
of its aphytic conditions; this conclusion, of 
course, pertains only to our observations upon 
the macroscopic animals. Bio-economically, this 
habitat really is the front of the marine littoral 
ecosystem extending into the land. On the other 
hand, the relatively rich number of species found 
in B and C, in spite of their small size, is ap- 
parently due to their ecotonal character. 

4. The poor differentiation of C; and B, 
(compare the two serial orders in Table 4) may 
be understood if these strata are considered as 
a mere extension of an ecological gradient, of 
which the peak lies in A;. The structure of the 
floor fauna varies, therefore, at first when the 
plant cover almost disappears in D. C’, has also 
a few characteristic species corresponding to its 
littoral nature. 


DESCRIPTION OF EACH HABITAT 


The several habitats distinguished above must 
not be considered to be like cages or walled 
areas which confine various inhabitants within 
them. They are merely devices of a coordinated 
system for the clear understanding of the ecolog- 
ical make-up of the island. Eventually, certain 
species pass freely from one habitat, or from 
one stratum, to another. Before describing each 
habitat and its inhabitants, brief notes will be 
given concerning these mobile species. 

The rat, Rattus rattus ssp., is the only mam- 
mal inhabiting the island. Formerly, the staff 
of the weather station kept cats which con- 
trolled a considerable number of rats. In the 
absence of any intensive controls, the rats are 
now fairly abundant and their activities were 
traced everywhere in the island. 

The skink, Cryptoblepharus, and the land crab, 
Geograpsus,> were also seen everywhere, except 


® As most recorded genera are represented by a sin- 
gle species, only generic names will be given in the 
following descriptions. 
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B; and D’ in the case of the former species, 
and except Bs, By, C2, C’2, and D’ in the latter 
one. Both can climb up Messerschmidia and 


- Pisonia to fairly high twigs. They even appear 


in the upper stories of buildings: crabs were 
often observed when they were crawling up 
vertical walls nearly to the ceiling. It is certain 
that these animals, one as a predator and the 
other as a scavenger, play important roles in 
the bio-economy of the island. 

Two ants, Lasius and Tapinoma, may be added 
to the list of widely roaming species. They were 
observed utilizing the runners of Ipomoea to 
invade even into area C’s, where other animals 
were scarcely seen. Although it is a relatively 
sedentary creature, a cricket, Landreva, was col- 
lected in almost every floor stratum except C, 
and D’. Its songs could be heard in the daytime, 
but they were more impressive at night, dom- 
inating this tiny bit of land in the midst of the 
immense ocean. 

Setting these mobile species aside, some char- 
acteristic features of each habitat will be out- 
lined. 

Zone A is the largest, richest, and most stable 
habitat in the island. This is also the only area 
where the formation of humus is relatively con- 
spicuous. Consequently, because of the lodging 
it affords various cryptic animals (roaches, land- 
isopods, myriapods, etc., under stones, Oxydema 
in decayed wood), A; has the richest fauna in 
the island. A» consisted of Ipomoea foliage 
alone. Sphinx, Prodenia, and Coccus were the 
major pests of the vigorous creeper. Prodenia, 
especially, was locally very abundant, and con- 
siderable damage was observed, as is shown in 
Figures 6 and 7. 

Locusta and Utetheisa, both feeding on Mes- 
serschmidia, surprised us by their spectacular 
abundance. The adults of Utetheisa are active 
irrespective of diurnal rhythm. In daytime, they 
were seen everywhere in the A zone, feebly 
fluttering from one tree to another. At night 
they swarmed abundantly around lamps. The 
first instar larvae live concealed within the young 
sprouts (Fig. 14); older ones feed on exposed 
leaf surfaces, and pupae are seen near the tips 
of leaves, in a thin hammock spun by themselves 
( Fig. 13). 
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Adults and nymphs of all stages of Locusta 
were collected on Messerschmidia. From their 
extreme abundance, high activity, and great vo- 
racity, I have the impression that this popula- 
tion might change from phasis solitaria to phasis 
transiens. Inside still younger buds of Messer- 
schmidia, a small cricket, Ornebius, was often 
discovered. They always directed the head and 
antennae upward (Fig. 15), and when dis- 
turbed rolled down very quickly into the earth. 

Coccus were also found in Pisonia and, espe- 
cially in papaya, were eagerly visited by two 
milkers, Lasius and Tapinoma. Moreover, vari- 
ous flies and their predators, Heteropoda and 
Neoscona, were abundant throughout the arbo- 
real foliage. Considerable numbers of the latter 
species were found in nests of an introduced 
American wasp, Sceliphron. 

Corresponding to their ecotonal nature, B 
and C were relatively rich in number of species 
but possessed only two characteristic bugs: 
Cyrtopeltis on tobacco and Liorhyssus on Son- 
chus. The activities of skinks and land crabs 
decrease in B due to a relatively thick growth 
of herbs and grass but increase again in C. The 
most characteristic species in these transient 
zones is Aiolopus, which, in contrast to its 
cousin, Locusta, does not invade zone A. 

Aphis and its predator, Ischiodon, were found 
in this zone on Portulaca, the dominant plant 


Fic. 12. Distinction of various habitats based upon vegetation and topography. 
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in C and D, although the former species was 
found in zone A as milk cows inside a nest of 
Tetramorium. Solenopsis was also found only 
in this zone. 

With the further decrease of plant cover, 
animals adapted to bare surfaces appeared in D. 
The characteristic species was Oligotoma, which 
was extremely abundant in runways and adjacent 
exposed areas, dwelling in a characteristic nest 
spun by themselves (Fig. 16). If they were 
driven away from the nest, they were hunted 
by Lasius as soon as they were discovered by 
this ant. At night, winged adults were collected 
around the lamps situated near the runway. 

Zones C’ and D’ are reproductions of C and 
D in the littoral zone. A characteristic animal 
assemblage was collected under the stones and 
large gravels in C’,: it consisted of Geogarypus, 
an oribatid mite, two collembola, myriapods, 
etc. On exposed surfaces, however, there were 
very few animals, except for Lasius and Tapin- 
oma walking on the runners of Ipomoea. D’, 
especially, was macroscopically a complete abio- 
tic zone. The only animals collected were An- 
isolabis, found under the decayed matter. Al- 
though it did not belong to the land biota, an 
endemic marine collembola, Polyacanthella oce- 
anica Uchida, was discovered at the northern 
rocky reef of the NW. shore, together with 
some polychaetes, crabs, etc. According to a 
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staff member of the weather station, a marine 
strider seems to occur in the lagoon. 

The area receiving direct human influences 
possesses no more than a well-known assem- 
blage of domestic species. The number of species 
is far less than that found in similar environ- 
ments on continents, but, reflecting the diversity 
of environmental conditions, it is fairly large 
in comparison with other habitats, in spite of 
the small space. A rat, two roaches, some domes- 
tic flies as omnivorous scavengers, two granary 
beetles, and domestic silver fish, Ctenolepisma, 
were the chief members in or around the weather 
station and accompanying buildings. Skinks, 
land crabs, and the two ants invaded all build- 
ings. Gecko and Heteropoda lived there as 
residential predators, although they were found 
in the A zone, too. Earthen nests of Sceliphron 
were abundant on ceilings, walls, and other 
parts of buildings. In a ruined cottage standing 
near the northern point of the island, a fairly 
large compound nest containing 62 cells was 
observed attached to a broken chimney ( Fig. 
17). In other nests, the number of cells counted 
was as follows: 1 cell alone (1 instance), 2 
cells (3 instances), 3 (4),6 (3),7 (1),8 (1), 
12 (3), 14 (1), 30 (1), 57 (1). 

Numerous dead insects were observed in win- 
dow screens of the dining room, etc., due to 
treatment with DDT. Examination of these ac- 
cumulations showed an overwhelming abun- 
dance of Atherigona, although the main species 
found within the dining room during our stay 
were Musca, Lucilia, and Sarcophaga. 


INDIVIDUAL 

NUMBER 

(Sexes not 

separately 

SPECIES counted ) 
Atherigona excisa 1,505 
Drosophila melanogaster 43 
Lucilia sericata.... 22 
Aneurina sp.. 22 
Dolichopodidae gen. sp. 18 
Parasarcophaga misera.. 16 
Agromyzidae gen. sp. 13 
Sphaeroceridae gen. sp. 10 
Musca domestica A 4 
Tribolium castaneum 3 
Ephydridae gen. sp. 2 
Gardiastethus fulvescens 
Lasius niger ssp. 1 
A micro-moth | 
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All of the moths listed in Table 3, as well 
as Oligotoma and Eobia, were attracted to lamps. 
Because of its oedemogenic secretion, Eobia is 
the only insect species injurious to human be- 
ings. No fleas, mosquitoes, or blackflies occur 
on the island. 

After this brief sketch of the different hab- 
itats, a mystifying fact must be mentioned: a 
dragonfly, Diplacodes bipunctata, occurred on 
the island, even in the absence of fresh water. 
The adults of this species appeared a consider- 
able time after our visit. I observed only a 
single specimen, at a passway penetrating the 
E. triangle, but a staff member of the weather 
station repeatedly confirmed the appearance of 
numerous dragonflies, and later he kindly sent 
me the specimen which was identified. If this 
species multiplies on the island, then not only 
must fresh water be available somewhere but 
also a number of aquatic organisms to be preyed 
upon by its nymphs. In the absence of any 
evidence of fresh water, the only other ex- 
planation must be the seasonal migration of this 
relatively delicate species across thousands of 
kilometers of ocean—although this is an ex- 
planation that I myself find hard to believe. 


FURTHER ECOLOGICAL NOTES 


Ecological interactions among various organ- 
isms in a given area, however few there may 

¢, are always difficult to demonstrate clearly. 
But, the uncomplicated environment and simple 
biota of Marcus permit schematizing it as in 
Figure 18. Even if the schema is still far from 
complete in many points, the principal courses 
of biotic energy-flow in the island are obvious 
and may be classified into two major groups 
with respect to the energy sources: those start- 
ing from green plants, and those from the 
products of human activities. The two groups 
are relatively independent of each other, al- 
though, as discussed later, many elements con- 
stituting the former group were brought to the 
island by various human activities. As a glance 
at the figure will show, the extreme disharmony 
between the food chains and the occurrence of 
numerous unoccupied niches is impressive. The 
extraordinary abundance of a few dominant 
species depends, without doubt, on this too 
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simple bio-economic structure. Such dishar- 
mony, a common feature of remote oceanic is- 
lands, is also recognized by comparing the num- 
ber of genera and species occurring upon the 
island. Except for birds, the total number of 
families, genera, and species of land animals 
is 54, 70, and 72, respectively. Only seven fam- 
ilies contain more than two species: the Blatti- 
dae (5 spp.); Formicidae (4 spp.); Porcellidae, 
Entomophyridae, Lygaeidae, Noctuidae, and 
Muscidae (2). There are only two genera con- 
taining two species: Periplaneta and Porcellio. 

In connection with this disharmony, it may 
be interesting to consider here the association 
of closely related species, for it has often at- 
tracted the attention of ecologists on account 
of competition or isolation. However, most 
species belonging to families represented by 
more than two species show obvious habitat- 
segregation. Species found in one and the same 
habitat were Leucophanea and Blatta, Anisol- 
abis and Euborella in A, and D; two species 
of Periplaneta, Lucilia, and Musca in H; two 
Porcellio in Ay; Sira and Lepidocyrtus in C’;; 
Lasius and Tapinoma almost everywhere. Burt, 
most of them differ from each other either in 
habit, as in the two ants mentioned above, or 
in their relative abundance in various habitats. 
Those species possessing similar habits, eating 
similar food, and collected from the same hab- 
itat were only two pairs of cosmo- or tropico- 


TABLE 4 


NUMBER OF SPECIES FOUND IN EACH HABITAT 
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politan species, Musca and Lucilia, and two Peri- 
planeta. 

In former times, the island offered a favor- 
able breeding site for various sea birds. Sub- 
sequent reckless catching resulted in a rapid 
decrease of both the species and numbers of 
individuals. During our visit, wo species, noddy 
terns and sooty terns, still bred on the island. 
Moreover, about 20 golden plovers and five 
American wandering tattlers were seen. Of these 
birds, only the plovers may have an intimate 
relation to the land biota. They were seen 
usually on the surface of the runway or on other 
roads through the E. triangle. According to Ku- 
roda (in litt.), some vegetable matter was 
found in their crops. On the other hand, he did 
not find any food other than cuttlefish in the 
crops of the terns. Therefore, terns and tattlers 
are connected intimately to the marine ecosys- 
tem but possess little relation to land biota. 

Finally, some phenological trends are cited 
here, based upon the experience of the weather 
station staff (especially of Messrs. Y. Nakada 
and K. Fujisawa), as follows: Fructification of 
papaya, September to October; flowering of 
Ipomoea, April, and September to October; 
flowering of Messerschmidia, March to August; 
nymphs of Locusta, seen throughout the year, 
but abundant during July and August; Dzpla- 
codes adults, June to July, and September to 
October; larvae of Herse, throughout year, but 


(Those in parentheses were found exclusively in that habitat. ) 


VERTICAL 


HORIZONTAL DISTRIBUTION 
TION | A B D’ H 
1 27(15) 13(0) 19(1) 20(4) 10(3) 1(0) 45(35 
2 14(0) 7(0) 10(0) 3(0) | 
3 20(3) 9(2) 
Total 47(19) 21(2) 23(1) 20(4) 10(3) 


Order of richness in number of species: A 


Order of ecological endemicity : 


AL > b> = >A: 


1(0) 


> B > Ci = C2> Bs = Bz > C2’ > D’ 
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Fics. 13-17. Some aspects of insect life on Marcus. Explanation in text. 


abundant in June; assemblage of Eobia in lamps, 
May to June, and August to October. 

These data are still insufficient but indicate 
the monotonous and inconspicuous phenological 
trends on this island. This may be also recog- 
nized from the occurrence of all developmental 
stages of Locusta, Landreva, and Utetheisa dur- 
ing our short stay. 


BIOGEOGRAPHICAL REMARKS 


Marcus is of little interest from the point of 
view of regional biogeography. According to 
Tuyama, who not only identified all plants col- 
lected by me but also kindly informed me of 
their distribution and ecological characteristics, 
all the plants are species of wide distribution 


and high vigor. After comparing the very sim- 
ple flora of Marcus Island with that of the 
Bonin Islands—where 46 per cent of a total of 
321 species are endemic, and where five endemic 
genera are found (Nakai, 1930)—it is prob- 
ably futile to discuss the phytogeographical 
position of Marcus. 

The same conclusion can be applied to land 
animals. According to Gressitt (1956), the is- 
land belongs by its location to the Oriental 
Zoogeographical Region, Polynesian Subregion, 
Division Polynesia Proper, and Subdivision Mi- 
cronesia. But the order of frequency of the vari- 
ous distributional patterns is: Tropicopolitans 
(including Indo-Pacificopolitans) (18 spp.); 
Cosmopolitans (13); Pacificopolitans (6); Pan- 
Palaearctic (5); Endemic (4); Species with a 
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limited range (4). Distinction of these patterns 
is rather arbitrary but may be sufficient to con- 
clude that most of the species belong to types 
which can hardly be said to be the regional, 
although in general the Oriental elements are 
predominant. 

It is remarkable that four endemic terrestrial 
species, one centipede and three pseudo-scor- 
pions, were discovered upon this tiny island. 
One of the latter group, Lechytia sakagamii Mo- 
rikawa, is very interesting because it belongs 
to a genus which, up to the present time, has 
been recorded only from Nearctic, Neotropical, 
and Ethiopean regions (Morikawa, 1952). 


FORMATION OF LAND BIOTA 


The land biota described above has been com- 
pared to the earlier results published by Yabe 
(1902), Yoshida (1902), Bryan (1903), and 
Tuyama (1938). The plant species reported by 
those writers and by me are given synoptically 
in Table 2. From this table and from informa- 
tion kindly given me by Mr. Matsubara, the 
commander of Japanese Marcus Garrison dur- 
ing World War Il, we can trace the floristic 
change of the island during the last 50 years. 

With respect to trees and shrubs, only Cocos 
and Messerschmidia have continued to exist 
throughout half a century. This combination, 
one of the commonest edaphic climaxes on 
sandy beaches of the Pacific islands, in all prob- 
ability had been already well established when 
the island was discovered. Later, but before 1938, 
the island received Pisonia as a new member of 
its flora, and it is now a chief member of the 
vegetation. On the other hand, Morinda dis- 
appeared between 1938 and 1940, because this 
was reported by Tuyama but not by Matsubara. 
Although still surviving at the present time, 
the coconut palms received remarkable damage 
from human interference (cf. Appendix). 
When Bryan visited the island in 1903, palms 
grew densely in the central area of about 3 acres. 
According to Matsubara, there were only 30 
trees, about 4.5 m. high, when he arrived upon 
the island in 1941. Half of them were cut down 
at the end of that year. Moreover, as seen from 
the Appendix, all trees on the island were com- 
pletely damaged by repeated bombing during 
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the war. The present arboreal stratum is, there- 
fore, the outcome of postwar regeneration. 

The origin of papaya now existing in the 
island is obscure. Bryan gave seeds of various 
plants, including papayas, to the Japanese in- 
habitants when he left the island. Later Tuyama 
reported this plant from the island. But no 
papaya trees were growing in 1941 according 
to Matsubara. He planted a few seeds in 1945, 
and some seedlings grew to the height of a 
child before being damaged by bombing. The 
plants now growing in the island seem to have 
been brought in by the U. S. Navy after the war. 

Of the herbs and grasses, tobacco and Por- 
tulacea are the only species reported by all 
writers, including myself. Judging from the 
small size and simpic topography of the island, 
which permit one to walk around it within 2 
hours, it is hard to believe that any abundant 
plant species escaped the eyes of other col- 
lectors.® Therefore, the lack. of accord among 
four collections suggests the unstable character 
of the herbaceous strata, with new inhabitants 
appearing and being replaced in their turn by 
other ones, under the influence of human activ- 
ities during the last 50 years. [pomoea was first 
reported in 1938, but Matsubara wrote me that 
in 1943 it was found only in scattered patches 
on the island. The overwhelming dominance of 
this species throughout the island at the present 
time is, therefore, a postwar event. 

Previous information concerning land animals 
is scanty. The most important change may be 
the extinction of numerous sea birds which bred 
on the island. A catastrophic decrease may well 
be recognized if the report of Bryan (1903) is 
compared with that of Kuroda (1953). 

With respect to other land species, Yoshida 
(1902) briefly described a skink, gecko, “flies,” 
“red moths,” and “small flies.” Bryan also re- 
ported a skink (Ablepharus boutonii) and a 
gecko (Perochirus articulatus). Therefore, both 
have been constant inhabitants during 5O years, 
although their scientific names have been 
changed since Yoshida’s visit. Among three 
land crabs mentioned by him—Grapsus grap- 


= Actually, except for Bryophyllum, all of the plant 
species collected by me were discovered on the first 
day of our survey. 
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FIG. 18. Food-nexuses in Marcus Island. 


sus (abundant), Geograpsus crisipes (less abun- 
dant), and G. grayi (abundant )—only the last 
species still remains on the island. According 
to a personal communication from a staff mem- 
ber of the weather station, he is sure that at least 
one species of land hermit crab still exists on 
the island. But it is uncertain whether this 
species is either Coenobita olivieri or C. com- 
pressa reported by Bryan, for no specimens were 
collected by myself. 

It is very regrettable that Bryan's collection 
of insects, which he made by various methods 
(including lantern collecting, barking, attract- 


ing with decaying flesh, etc.) was damaged by 
ants and other pests during his return voyage. 
His miscellaneous notes based upon memory 
are so interesting, however, that I will cite them 
here: 


A small red ant was quite common as well as 
troublesome, especially about the settlements. | 
fancy it had been imported since the colony was 
established. Two species of flies were very abun- 
dant, one a blowfly (Calliphora?) which per- 
sisted in laying its eggs on the birds both before 
and after they were skinned; the other species, 
a small vinegar fly of a genus unfamiliar to me, 
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...were to be seen in moist, shady places all 
over the island. A small miller was common dur- 
ing the night, and I am of the opinion that the 
skinks and geckos feed on it as well as on the 
small flies just mentioned. . . . 

The only spider that had established itself 
was the widely distributed web-spinning species, 
Epeira nautica....Trees and grass showed little 
or no signs of insect pests. In fact, I found only 
one species of plant that had been molested by 
biting insects. Since these depredations were to 
be seen only in a very limited area, and as I was 
unable to secure the miscreant either by day or 
night, I concluded the species must have been 
a recent Japanese introduction that had not had 
time to thoroughly establish itself. No species 
of Coleoptera were secured [pp. 117-8]. 

No land shells were noted, and I believe there 
were none [p. 120}. 

Believing that a collection of any earthworms 
that might occur on the island would be of 
interest I requested Mr. Sedgwick and his as- 
sistants to keep a close lookout for them. Al- 
though they made a large number of excavations 
in various places while prosecuting their inves- 
tigations, they were unable to discover a single 
specimen. ...1 am persuaded that worms of this 
class have not as yet found their way thither 


{p. 122}. 


Compare these citations with results obtained 
by me, and remember that both surveys were 
made approximately in the same season and 
during the same interval (cf. Appendix, 1902). 
It may be assumed thar, in all probability, many 
species now inhabiting the island were estab- 
lished there after 1902. 

Only Neoscona theisi (Walckenaer) ( = Ep- 
eira nautica Bryan nec Koch) and, seemingly, 
some domestic dipterans are the inhabitants col- 
lected in both surveys. It is not certain whether 
Bryan's “red, small ant” corresponds to any of 
four ant species collected by me or not. But 
it surely differs from Lasius niger, the com- 
monest ant in 1952. 

Consequently, judging from their conspicu- 
ousness and present abundance, the following 
species may safely be regarded as immigrants 
since 1902: 


Plexippus paykulli Prodenia litura 


Heteropoda venatoria Herse convolvuli 
Periplaneta americana Sceliphron caementarium 
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P. australasiae 
Landreva clara 
Locusta migratoria 
? Allolobophora sp. 
A land snail 


Lasius niger 
Calandra oryzae 
Cylas formicarium 
Tribolium castaneum 
Eobia chinensis 


Although with less certainty, the following 
species are also assumed to be relatively recent 
immigrants: 


Armadillo sp. Anisolabis martima 
Ctenolepisma villosa Aiolopus tamulus 
Euborella annulipes Oligotoma saunderst 


It is uncertain whether or not a “red moth” 
mentioned by Yoshida corresponds to Utetheisa. 
But, from Bryan's notes, it is highly probable 
that the number of individuals was very small, 
even if this species was present in’ 1902. 

Matsubara wrote me only about the skink, 
gecko, land crab, flies, and cricket as being the 
impressive animals during his wartime service. 
From these accounts, we can assume that Land- 
reva was established before 1943. On the other 
hand, Locusta, Eiobia, and Periplaneta must have 
arrived after World War II, for these animals, 
if they occurred, certainly would have attracted 
the attention even of persons not biologically 
observant, either by their conspicuousness (as 
in Locusta) or by their sanitary importance. 
Needless to repeat, the species now most abun- 
dant are, in general, the relatively recent im- 
migrants. 

Thus, most members of the land biota of 
Marcus are immigrants since 1902. Consider- 
ing the extremely isolated location of the is- 
land, it must be obvious that most of these 
species gained their chances to arrive on the 
island and to establish themselves there only 
through direct and indirect human interference 
at the island. My conclusion, therefore, is that 
the present land biota is, in its origin, largely 
an outcome of human activities directed upon 
the island. 


CONCLUDING REMARKS AND 
GENERAL CONSIDERATIONS 


In connection with the zoogeography of Pa- 
cific islands, Gressitt (1956) gave an appro- 
priate summary on the nature of land fauna in 


i 
= 


Ecology of Marcus Island—SAKAGAMI 


low coral islands: “Atolls and other low coral 
islands have a small fauna—similar in widely 
separated groups of islands—which is limited 
by the lack of ecological diversity, the limited 
haplophytic strand flora, the presence of brack- 
ish ground-water, the scarcity of soil, and ex- 
posure to salt-spray.” 

The land biota of Marcus, with its extreme 
poverty in both taxonomic and ecological com- 
ponents, offers nothing other than a very typical 
example of Gressitt’s generalization. He also 
wrote: “The extent of speciation is directly re- 
lated to the island's age, size, isolation and 
diversity of environment.” This proposition can 
be applied to biocoenology if the word “specia- 
tion” is replaced by the phrase “differentiation 
of ecological components.” On Marcus Island 
the isolation is fairly great, but its size and its 
diversity of environment are incomparably small 
to be able to promote any ecological differentia- 
tion. Moreover, this isolation may modify a 
given biota only when human interference is 
absent or at least negligible, because this factor 
acts, however locally, with an incomparably 
more rapid tempo and more violent means than 
do other natural agents. It would be rather 
surprising if Marcus Island had maintained any 
ecological peculiarities—even if such had existed 
in this most simple environment—despite the 
accumulation of various human interference dur- 
ing 50 years, including intensive skinning, co- 
conut collecting, public works which modified 
the appearance of the island, a high human pop- 
ulation during wartime (when 4,000 persons 
were living on this mere heap of coral sand 
and pebbles), and, finally, violent bombing. 

However, although Marcus Island may be 
little more than a disappointment to biologists 
who approach the island to study its flora or its 
biogeography, investigation of such an undif- 
ferentiated biota does reveal some important 
problems, as follows: 


1. Our knowledge of the ecology of Pacific 
islands, as mentioned by Gressitt (1954), is still 
very far from complete. In this account, the 
study of a relatively simple biota as that of 
Marcus may serve as a useful guide either to 
study more complex biotas or to find general 
principles underlying their diversities. 
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2. Considering the fact that any given eco- 
logical assemblages, either simple or complex, 
consist of interactions among numerous parts 
and processes, it is obvious that the analysis of 
such entities is far easier to do in simpler biota 
than in more complicated ones. It should be 
remembered that, while we may be interested 
in discovering any specificities and comparing 
them with each other, we must always seek gen- 
eral rules governing such specificities. 

3. Because of their extreme isolation, eco- 
logical simplicity, and lack of industrial im- 
portance, the remote low islands such as Marcus 
may serve as the best laboratories in field eco- 
logy for the study of the intra- and inter- 
specific ecology of given species, both native 
and purposely introduced, as living isotopes. 
The clarification of land biota should be a pre- 
requisite for such experimental studies. 
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SUMMARY 


Based upon information obtained directly dur- 
ing the period from April 30 to May 6, 1952, 
and from previous works and personal com- 
munications, a general perspective of the land 
biota of Marcus Island in the western Pacific 
is outlined. As might be expected from the small 
size and lack of environmental diversity, the 
land biota shows the typical poor structure com- 
mon to low reef islands of the Pacific. Most 
constituents of the biota seem to have been in- 
troduced during relatively recent years, prob- 
ably aided by direct and indirect human activ- 
ities upon the island. 
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APPENDIX 


AN ANNOTATED HISTORY OF MARCUS ISLAND 


As mentioned by Bryan, the discovery, nam- 
ing, and early history of the island cannot be 
thoroughly traced in the obscurity of the chron- 
icles from the last century. The following table 
was prepared from the accounts of Yoshida 
(1902), Bryan (1903), and Shiga (1903), and 
from personal communications from Mr. Ma- 
tsubara and staff members of the weather sta- 
tion. 


Before 1860: Some reports of Pacific whalers 
give some information on the island, but 
with much confusion about its name and 
location (Bryan ). 

1868: Captain Kilton, aboard the “David Hoad- 
ley,” visited in May and described the place 
as a low sandy island covered with trees 
and bushes (Bryan). Discovered in this 
year by an American, and thereafter visited 
occasionally by French and British ships 
(Shiga ). 

1874: U. S. survey ship “Tuscarora” (Com- 
mander Belknap) visited. The Hawaiian 
Mission ship “Morning Star” (Captain 
Gelett) visited and reported a dense cover 
of trees and shrubbery, with a white sandy 
beach (Bryan). Tsunetar6é Shinzaki visited 
as a passenger in a British ship ( Yoshida). 
This was the first visit by a Japanese 
(Shiga ). 

1889: Captain Rosehill landed in June while 
engaged in trading in the Pacific. He rec- 
ognized the island's value as a source of 
coconuts. Believing himself to be the dis- 
coverer, he claimed it for the United States 
( Bryan, Yoshida ). 

1896: A stone lantern (Ishi-dér6), with an 
inscription of February 12, 1896, written 
in Japanese, existed on the island until 
its destruction by U. S. bombers during 
World War Il (Matsubara). Shinroku 
Mizutani, Chief of the South Sea Section, 
Tokyo Animal Company (Tokyo Kinja 
Gaisha), while he was a sailor aboard the 
“Tenyi-maru,” was cast ashore in a storm 
(Yoshida, Matsubara ). 


\ 


Ecology of Marcus Island—SAKAGAMI 


1898: In July, the Tokyo Prefectural Office 
claimed the island as a Japanese depend- 
ency, named it Minami-Torishima (South 
Bird Island), and incorporated it into the 
Ogasawara Section (the Bonins) of To- 
kyo Prefecture (Yoshida). In September, 
tenanting the island from the Tokyo Pre- 
fectural Office, Shinroku Mizutani began 
the skinning of sea birds, aided by the in- 
vestment of Shichigoré6 Kamitaki, a trader 
in Yokohama ( Yoshida). Haruzo Ogawa, a 
lieutenant in the second reserve of the 
Japanese Navy, called the inhabitants of 


Hachij6zima and of the Bonins to Marcus ° 


Island for help in skinning the sea birds 
( Matsubara ). 

1899-1902: According to grave posts (now 
missing ), three Japanese died in the island 
during these years (Matsubara). 

1901: In October a violent typhoon attacked the 
island for 10 days, sending the sea as far 
as 22 ft. above the normal level (Bryan). 

1902: Hearing of Captain Rosehill’s expedition 
(see below), the Japanese Government 
sent the cruiser “Kasagi™ to the island. Aki- 
yuki Toyoguchi, a sub-lieutenant, landed 
with 15 men (July 27). Captain Rosehill 
arrived at the island on July 30, accom- 
panied by Dr. Bryan and Mr. Sedgwick, in 
order to claim it as a U. S. territory, but 
left on August 5 because of its occupation 
by the Japanese Navy. Bryan and Sedgwick 
made a scientific survey of the island dur- 
ing the 5 days. August 28, the Japanese 
Government sent another cruiser, the “Ta- 
kachiho.” S$. Kamitaki (a trader mentioned 
above), S. Shiga, M. P., and O. Yoshida, 
a geologist, landed. Two Japanese shrines, 
Kotohira and Ohtori, were built there 
(“Tengaisei”). September 2, a typhoon 
passed over the island. All inhabitants 
sought safety at the highest point. Until 
December 25, no food other than birds 
and fish was available. Sixteen died during 
this period (Nakada). In September, the 
Japanese Department of Foreign Affairs 
again claimed the island for Japan. The 
following publications appeared: Plants of 
Marcus ( Yabe ), Miscellaneous notes on the 
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geology and topography ( Yoshida ) ,Chron- 

icle of a journey to the island (““Tengaisei”). 

1903: Shiga published an essay describing the 
discovery of this island. He asserted its im- 
portance from the national standpoint. 
Bryan's comprehensive monograph was 
published. Han-emon Tamaoki, a Japanese, 
went to the island to collect coconuts but 
left without success (Matsubara ). 

1906-16: Many Japanese were landed for phos- 
phate mining. Nineteen died during these 
years (Matsubara). 

1930: In November, all 32 inhabitants, who had 
been engaged in coconut collecting and 
fishing, left the island (Matsubara). 

1931: The island was purchased by the Japanese 
Navy (Matsubara). 

1935: The Hydrographical Department of the 
Japanese Navy began meteorological ob- 
servations (Matsubara ). 

1937: Establishment of the Japanese Navy air- 
port commenced (Matsubara ). 

1938: Tuyama published his Flora of Marcus 
Island. 

1939: February 22, a large flock of terns visited 
the island. March 15-16, a large flock of 
“swallows” passed through. Terns and 
swallows appeared also in autumn (Ma- 
tsubara ). 

1941: The island was armed with six 15 cm. 
cannons and six 8 cm. aeroguns (Matsu- 
bara). Japan declared war upon the United 
States. 

1942: March 4, the island was bombed by 40 
U. S. carrier-based planes (Matsubara ). 

1943: A garrison consisting of 1,100 navy, 2,250 
army, and 650 civilian personnel was in- 
stalled with M. Matsubara as commander. 

1944: May 20-21, bombed by 132 U. S. car- 
rier-based planes. October 9, bombarded 
by a U. S. naval squadron consisting of 
one battleship (Pennsylvania type), two 
heavy cruisers (Pensacola type), and five 
large destroyers (Matsubara ). 

1945: Received 171 attacks by a total of 759 

bombers from September, 1944, to the 

armistice on August 15, 1945. October 7, 

the Japanese garrison left the island (Ma- 
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tsubara). November, occupied by U. S. 
Navy (Weather Station). 

1946: U. S. Navy left the island because of the 
great damage to the establishment by 
typhoon Martha ( Weather Station). 

1950: The Central Meteorological Observatory 
in Tokyo made a survey in order to re- 
establish the runway and weather station 
on the island (Weather Station). 

1951: Meteorological observations began again 
on the island (Weather Station). 
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Two New Species of Chaetognatha from the Waters off Peru 


PAUL N. SuND! 


SINCE FEBRUARY, 1958, the Consejo de Investi- 
gaciones Hidrobiolégicas of Peru has been mak- 
ing regular cruises to investigate the biological 
and hydrographic conditions off the coast of 
Peru. Through the kindness of Dr. Z. Popovici, 
I have been able to examine the Chaetognatha 
from plankton tows taken in the course of these 
investigations. The tows were made at the sur- 


face, using '2-meter nets. 

The first specimens of the two new species 
reported were noted in a plankton sample taken 
on March 5, 1958, near the entrance to the Port 
of Talara, Peru. Inspection of other samples 
taken during the expedition (cruise 5802) re- 
vealed numerous individuals of one of the new 
species, Sagitta peruviana, but none of the sec- 


‘Inter-American Tropical Tuna Commission, 
Scripps Institution of Oceanography, La Jolla, Califor- 
nia. Manuscript received April 29, 1960. 


ond species, Sagitta popovicti, was noted ( Fig. 
1). The descriptions of the new species are 
based on specimens preserved in formalin. 


Sagitta peruviana n. sp. 
Fig. 2A-L 


Holotype, 1 specimen, USNM no. 29921 
Paratypes, 10 specimens, USNM no. 29922 


Body rigid, opaque, hispid. Tail segment 23-29 per cent of total length. Anterior fins com- 
pletely rayed, start at posterior end of ventral ganglion. Posterior fins separate from anterior 
fins, completely rayed, reach posteriorly to seminal vesicles; greatest portion on tail segment, widest 
behind tail septum, about same length as anterior fins, posterolateral margin somewhat concave. 
Caudal fin triangular with rounded lateral apices; in contact with seminal vesicles. Anterior teeth 
4-9; posterior teeth 10-21; hooks 7-9. Seminal vesicles, when mature, with expanded anterolateral 
corner. Ovaries may extend to neck; ovaries with ova not filling body cavity, ova in two dorsoven- 
trally placed rows. Collarette conspicuous, extends posteriorly to approximately 12 distance between 
head and ventral ganglion. Corona ciliata extends from between eyes to about 24 distance from head 
to ventral ganglion. Intestinal diverticula absent. Eye pigment dense, apparent shape quadrangular, 
with elongate extension arising medially from center of median side of pigmented area. 


BODY 
LENGTH 


TAIL 
SEGMENT 
TOTAL 


LENGTH 
OF OVARY 
IN MM. 


ANTERIOR POSTERIOR MATURITY 


TEETH STAGE 


24.0 21 IV 
24.2 19-21 
24.4 15-18 I(?) 
24.5 17-18 Il 
25.7 I-IV 
25.7 iil 
25.7 
24.0-25.0 IlI-IV 
25.7 Il 
23.0 I-IV 
24.2 ill 
25.0 Juv. 
26.4 Juv. 
25.0 Juv. 
29.3 Juv. 
26.4 Juv. 
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Locality Records of 
Sagitta peruviona n.sp. ond 
Sagitta popovicii n.sp. 


peruviona « 
S.popovicii O 


FIG. 1. Locality records of S$. peruviana and S. popovicii. Figures indicate number of specimens 
present in sample. 
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Chaetognaths from Peru—SUND 


FiG. 2. Sagitta peruviana n. sp. A, Entire animal, ventral view; B, ventral view of head; C, anterior teeth; 
D, posterior teeth; E, typical hooks; F, detail of tip of hook; G, eyes, showing pigment distribution; H, dorsal 
view of anterior end of animal; J—L, stages of development of seminal vesicle. 


107 

: Tei SY / 

| Ez KY lj 

Yih 

| | 4 
a 

\ 

| 

J K L 

ow ¥ 


PACIFIC SCIENCE, Vol. XV, January 1961 


FORMULA: The body form and general shape of the lateral fins is reminiscent of S. bipunctata 
Quoy et Gaimard 1827 and S. Aispida Conant 1895. But the fact that the posterior and caudal fins 
of S. peruviana both are in such close proximity to the seminal vesicles distinguishes it from either 
of these two species. 

The seminal vesicles in the later stages of development resemble those of S. neglecta Aida 
1897 and S. friderici Ritter-Zahony 1911. Features that separate §. peruviana from S. neglecta and 
S. friderici are the robust body form, length of ovary, size of ova, shape of the lateral fins, and shape 
of the eye pigment. 

The fact that the new species has no intestinal diverticula separates it from both S. neglecta 
and S. hispida. 


Table 1 compares the features of the species discussed above. 


Sagitta popovicii n. sp. 
Fig. 3A-F 


Holotype, 1 specimen, USNM no. 29923 
Paratype, | specimen, USNM no. 29924 


Body short, translucent, rigid; constriction at tail septum inconspicuous. Anterior fins start at 
posterior end of ventral ganglion, completely rayed, slightly tapered, widest near posterior end. 
Posterior fins separated from anterior fins by short but distinct interval, wider than anterior fins, 
widest posterior to septum, completely rayed, reach seminal vesicles. Caudal fin with rounded pos- 
terior margin, reaching seminal vesicle. Anterior teeth 3-4; posterior teeth 6-10; hooks 6-7. Sem- 
inal vesicle large, opaque, very conspicuous. Ovaries reach posterior region of anterior fins. Ova 
large, filling body cavity; up to 9 or 10 ova in a single row. Collarette present, small. Intestinal 
diverticula absent. Corona ciliata not observed. Pigmented area of eyes with an elongate extension 
arising from median side. 

The above description is from four specimens, three of which were in such condition that the 
armature formulae and measurements could be determined. All four specimens were fully mature. 
The one specimen for which the measurements and formula were not made was found preserved 
in a distorted position. 


FORMULA: 


BODY TAIL LENGTH 
LENGTH SEGMENT ANTERIOR POSTERIOR MATURITY OF OVARY 
IN MM. "/o TOTAL HOOKS TEETH TEETH STAGE IN MM. 


5.8 32.8 7 3 6-7 A 
5.9 (2 indiv.) 26.3-28.6 6-7 3-4 9-10 IV 1. 


REMARKS: The present new species is similar in size and certain characteristics to S. bedfordii 
Doncaster 1903 (redescribed by Tokioka, 1942, and considered by him as synonymous with S. 
pseudoregularis, Tokioka, 1942 and 1952), S. sp. Tokioka 1954, and S. pseudoregularis Oye 
1918. The differences and similarities are readily compared in tabular form. Inspection of Table 
2 clearly illustrates that S. popovicii differs significantly enough from the other species to justify its 
designation as a new species. The name, Sagitta popovici, is given in honor of Dr. Zacarias 
Popovici. 

REFERENCES 
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anterior teeth; D, posterior teeth; E-F, stages of development of seminal vesicle. 
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THE OPISTHOBRANCH genus Arthressa was pro- 
posed by Evans (1950) on the basis of a revi- 
sion of the genus Volvatella Pease 1860. Pease’s 
genus was known only from four species, three 
described by Pease (1860, 1868), based on sin- 
gle specimens from the Pacific, and a fourth 
described by G. and H. Nevill (1869) from 
Ceylon. Evans (1950) pointed out several dis- 
crepancies in Pease's species descriptions, and, 
while retaining V. fragilis Pease, the type species, 
he proposed the genus Arthressa to include A. 
cincta (G. and H. Nevill) from Ceylon and A. 
elioti Evans which was newly described from 
Zanzibar. 

Four specimens of a species congeneric but 
distinct from A. cincta and A. elioti have been 
collected in the Hawaiian Islands, and are here 
described as a new species. 


GENUS Arthressa Evans 1950 


SHELL: Thin, calcareous, covered by a thicker 
periostracum extending beyond the calcareous 
margin. Body whorl ovate, broadest in the mid- 
dle, and contracting posteriorly to a spout. An- 
terior aperture as broad as shell in its anterior 
half. Right lip overlapping reflected left lip be- 
hind aperture; left lip depressed behind margin 
and passing at the junction of right and left lips 
under recurved left margin into a deep umbilical 
cleft; margin continuous with the spout. On left 
side of spout columella of a sunken spire of 
approximately three turns visible through per- 
iostracum. 


ANIMAL: Tentaculate area of head rimless, 
frontal, and oriented ventrally. Dorsal tentacles 
short and smooth. Lateroventral tentacles deeply 
grooved laterally, slightly bilobed at tip. Eyes 
immediately posterior to grooves. Anal opening 
on dorsal surface of visceral mass beneath man- 


" Department of General Science, University of Ha- 
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tle. Foot small and triangular with blunt cor- 
ners. 


TYPE SPECIES: A. cincta (G. and H. Nevill). 
Ceylon. 


Arthressa evansi, new species 
Fig. 1 


HOLOTYPE: Bishop Museum, no. 8901. 11 
mm. in length; 6 mm. in breadth; collected in 
a tidepool, Diamond Head Beach Park, Oahu, 
Hawaii, November, 1956. Paratype: Bishop Mu- 
seum, no. 8902. 11 mm. in length; 5 mm. in 
breadth; collected with holotype. 

Length of anterior aperture more than half 
that of shell. Body whorl rounded, not flattened 
on the left, and with the spiral curve of the 
shell continued into it. Length of spout less 
than half shell breadth. Opening of spout tri- 
angular with a ventral slit continuous with 
aperture. Mantle edge smooth in spout. Animal 
orange, freckled with a darker shade, and with 
a band of freckling crossing body whorl. Foot 
similar in coloring to that of body but freckling 
of a lighter shade. Foot bluntly rounded, not ex- 
tending anterior to head, and with a groove 
separating anterior two-thirds from posterior 
third. Animals extruded a viscid white sub- 
stance from both posterior spout and anterior 
aperture. Specimens collected vary from 8-11 
mm. in length and from 4—6 mm. in breadth. 

The species has been named for the late J. 
T. Evans. 

The specimens were collected in a tidepool on 
the reef flat of Diamond Head Beach Park, 
Oahu. They appeared to be associated with the 
algae Padina and Gracilaria. The mode of pro- 
gression on a hard substrate is such that the 
anterior end of the foot extends forward and 
attaches to the substrate while the posterior por- 
tions move up. The animals readily suspend 
themselves upside down on the surface of the 
water, progressing as waves of muscular con- 
traction pass across the foot. 


Q f 

‘Fain 


Arthressa evansi, 0. sp—KAY 


FiG. 1. Arthressa evansi. Drawn from the living 
animal. A, Dorsal view; B, ventral view. 


DISCUSSION 


Of the three species now included in Ar- 
thressa, A. evansi appears to be intermediate in 
characters between A. cincta and A. elioti. A. 
evansi resembles A. cincta in coloring and in the 


smooth mantle edge; it resembles A. elioti in 


the length of the anterior aperture and in the’ 


rounded body whorl. 

Although Evans (1950) suggested that Vol- 
vatella fragilis Pease should be retained as it 
was sufficiently described, no collections of this 
species have been recorded in Hawaii since the 
original description. Pease (1860) merely de- 
scribed the type specimen as from the “Sand- 
wich Islands,” and the animal was illustrated as 

eing white. Evans (1950) distinguished Vol- 
vatella from Arthressa on the basis of Pease’s 
(1860) description of the anal opening into 
the posterior spout in Volvatella; the anus opens 
on the dorsal surface of the visceral mass in 
Arthressa. If specirnens agreeing with Pease’s 
(1860) description of Volvatella, including a 
posterior anus, are collected in the future, Evans’ 
distinction between the genera will merit rec- 
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ognition; however, it is possible that Pease’s 
description was misleading, and the pore which 
he described as the anus may have been the pore 
of the gland which secretes the viscid fluid 
which these animals emit. If this is the case, 
Evans could have gone further and entirely 
suppressed the genus Volvatella of Pease. 

Evans (1950) described Arthressa as a sac- 
coglossan genus, and it should therefore be re- 
moved from the position assigned Volvatella 
in the Akeratidae of Thiele (1931). Arthressa 
is of interest in the scheme of opisthobranch 
relationships in that it is a suctorial form feed- 
ing on various algae. The occurrence of a shell 
and a generalized mantle cavity and alimentary 
canal suggest that Arthressa holds a position 
in the Saccoglossa analogous to that of Actaeon 
(Fretter and Graham, 1954), which also pos- 
sesses many prosobranchiate characters. 
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A PREVIOUS PAPER (Proc. R. Ent. Soc. Lond. 
(B) 25, pts. 7-8, pp. 129-141, 1956) included 
descriptions of one species of Dialeurodicus Ckll. 
and six species of Orchamoplatus Russell. This 
paper completes the study of a collection of 
Aleyrodidae from New Caledonia. The material 
was collected largely by myself during three 
years’ residence in New Caledonia, and as col- 
lection was concentrated specifically on this fam- 
ily it is believed that the fauna described here 
is representative and probably includes a ma- 
jority of the species. 

The following table compares the size and 
endemicity of the New Caledonian Aleyrodid 
fauna with those of adjoining areas, in so far 
as these are known. 

The fauna of the New Guinea—Solomons- 
New Hebrides chain, from which direction an 


AREA ; Endemic Nonendemic 
New Caledonia 3 7 
Australia 1 12 
New Zealand l 3 


South Pacific.. 7 


important element of the New Caledonian fauna 
was probably derived and with which it could 
be expected to show strong affinities, is un- 
fortunately completely unknown. 

The Australian fauna has been little studied 
and is undoubtedly much larger than the above 
figures suggest. Those of New Zealand and the 
South Pacific are reasonably well known. The 
New Caledonian fauna has affinities with the 
Australian fauna (for example, in the presence 
of endemic species of Aleurocanthus, Bemisia, 
Dialeurodes, and Tetraleurodes), but there is a 
relatively stronger element of endemic genera 
in New Caledonia. There are no obvious affin- 


Bacomology Division, D. S. I. R., Christchurch, 
New Zealand. Manuscript received June 1, 1959. 


The Aleyrodidae (Hemiptera-Homoptera) of New Caledonia 


L. J. DUMBLETON' 


NUMBER OF GENERA 


114 


ities between the faunas of New Caledonia and 
New Zealand. The faunas of New Zealand and 
the South Pacific are smaller, but while the 
majority of the New Zealand species are un- 
doubtedly endemic the South Pacific species are 
predominantly introduced forms occurring on 
introduced economic crop plants or weeds or 
on native food plants whose movements about 
the area have been considerable. 

The majority of the species from these four 
areas belong to the subfamily Aleyrodinae. The 
subfamily Udamoselinae is poorly represented, 
there being one species of Alewrodicus Douglas 
in Australia and another in Fiji, one species of 
Dialeurodicus in New Caledonia, and one species 
of the endemic genus Synaleurodicus Solomon in 
Australia. The subfamily Uraleyrodinae is not 
represented. 


NUMBER OF SPECIES 


Total Endemic* | Nonendemic | Total 
10 25 25 
13 19 3 22 

4 9 l 10 
7 5 4 9 


* In each area the number of species presumed to be endemic includes two which are possibly nonendemic. 


KEY TO THE GENERA OF THE ALEYRODIDAE 
OF NEW CALEDONIA 
(based on pupal cases ) 


1. Thoracic tracheal pores, clefts, and combs 


2 
Thoracic tracheal pores, or clefts, or combs 


2. Large elongate brown species, vasiform 
orifice large, operculum short transverse; 
lingula long, more than half exposed, 
occupying whole orifice........ 


Cockerell 
Not as above 

3. Submarginal line distinct, complete..... 
Not as above 4 
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4. Vasiform orifice triangular; operculum oc- 
cupies only half orifice; lingula long, 
dena exposed; distinct caudal furrow...... 

...Bemisia Q. & B. 
Not. as ‘above. 

. Marginal teeth well developed, submar- 
ginal series of papilla-like pores absent, 
but simple pale small spots or pores may 

Aleurocanthus Q. & B. 
Marginal teeth absent or ill-defined, sub- 
marginal linear series of papilla-like 
pores present, broken by 9 processes on 
. Abdomen with only 7 visible segments, 
top-shaped pit- species 
_.Gomenella n.g. 
Not as above... 7 
. Vasiform orifice long, triangular; oper- 


culum occupies half orifice; lingula long, 
pointed, exposed......Parabemisia Takahashi 
Not as above. 
. Thoracic tracheal comb absent -* 
..Dialeurodes Cockerell 
Thoracic tracheal comb present....................9 


. Thoracic tracheal comb with 2 teeth, ab- 
dominal tracheal comb absent, margin 
sinuate; submargin with 10 prominent 
setae on each side; without submarginal 
papillae Dothioia 

Thoracic tracheal comb with 2—many teeth, 
abdominal comb present, margin not 
sinuate, submargin without prominent 
setae, specialized submarginal papillae 
present ....................Orchamoplatus Russell 


SUBFAMILY UDAMOSELINAE Enderlein 
GENUS Dialeurodicus Cockerell 


Dialeurodicus elongatus Dumbleton. Proc. R. 
Ent. Soc. Lond. (B), pts. 7-8, pp. 129- 
131, 1956. 


SUBFAMILY ALEYRODINAE Enderlein 
GENUS Aleurocanthus Quaintance & Baker 


KEY TO NEW CALEDONIAN SPECIES 
(based on pupal cases ) 


1. Long spines absent 
Long spines present 
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2. Shape regular ovate or elliptical, without 
short spinous processes; lateral abdom- 
inal rays present..... ..nudus sp. 0. 

Shape somewhat pointed anteriorly, shal- 
lowly emarginate posteriorly, short spi- 
nous processes present, lateral abdominal 
rays absent....................brevispinosus sp. n. 

3. Long spines on thorax only, shape some- 
what pointed anteriorly, marginal teeth 
rounded, lateral abdominal rays present 

Spinithorax sp. n. 

Many ‘long spines on “both thorax and 
abdomen, shape broadly rounded ante- 
riorly, bluntly pointed posteriorly, mar- 
ginal teeth pointed, lateral abdominal 
rays absent multispinosus sp. n. 


Aleurocanthus brevispinosus sp. n. 


Fig. la-d 


LARVA: Second instar (Fig. la): Length 0.39 
mm., width 0.24 mm. Colour pale. One pair 
spines anterior to and 2 pairs laterad of cepha- 
lic hairlike setae. One pair short and 1 pair 
long spines posteriorly on thorax. One pair hair- 
like setae on Ist abdominal segment, those on 
8th minute, caudal setae longer, 6 pairs of spines 
on abdomen. Margin obscurely toothed. 

Third instar (Fig. 1b): Length 0.60 mm., 
width 0.41 mm. Sometimes pigmented brown 
medially. Two pairs of spines anterior to ce- 
phalic setae and 2 pairs caudad. One pair short 
spines on thorax. First abdominal segment with 
1 pair paramedian processes, 8th abdominal and 
caudal setae hairlike, 6 pairs spines on abdomen. 
Marginal teeth similar to those of pupal case. 

PUPAL CASE ( Figs. Ic, d): Length 0.97 mm., 
width 0.74 mm. Colour black, eye spots paler. 
Slightly pointed anteriorly, sides a little concave 
from one-quarter to one-half length, broadest at 
mid-length, caudal margin more broadly rounded 
than anterior but with slight concavity. Not con- 
stricted across thoracic tracheal folds. A white 
wax fringe of columnar elements as wide as 
teeth and up to half as long as body width. 
Margin prominently toothed; teeth longer than 
wide, rounded apically. Submargin not defined 
by submarginal line, an inner row of teeth pres- 
ent. A continuous row of minute pale spots or 
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pores, | mesad of each outer tooth. A row of 
minute pores in the position of the submarginal 
line. Thoracic and abdominal tracheal folds, 
pores, clefts, and combs absent. Cephalic area 
posteriorly with 2 paramedian lobes mesad of 
the eye spots, each bearing 4 short spines. Pores 
and spines on thorax as in figure. Abdomen, first 
segment with paramedian processes, a pair of 
nearly contiguous pores on second segment, a 
median abdominal ridge laterad of which are 5 
pairs of short blunt spinous processes, 1 pair 
more acute laterad of orifice. Eighth abdominal 
seta bases laterad of orifice about mid-length. 
Caudal seta bases slightly closer together than 
width of orifice and in same line as submarginal 
line of pores. Vasiform orifice (Fig. 1d) sub- 
circular, slightly transverse. Operculum sub- 
cordate, filling orifice. Lingula not visible. 

HOLOTYPE: Pupal case on slide mount. De- 
posited in Institut Frangais d’'Océanie, Noumea, 
New Caledonia. 

PARATYPES: In author's collection. 

TYPE LOCALITY: New Caledonia, ?Dothio. 
coll. F. Cohic. 

FOOD PLANT: Undetermined. 

OTHER MATERIAL: From undetermined hosts, 
Carenage 17/12/54 and Montagne des Sources 
8/4/55, coll. L.J.D., also in association with A. 
spinithorax at Dothio. 

This species shows some affinities with Alew- 
rotrachelus because the outer boundary of the 
clear pores mesad of the marginal teeth is raised 
and simulates an inner row of teeth. In this the 
species resembles A. dissimilis Q. & B. and A. 
serratus Q. & B. 


Aleurocanthus multisp:nosus sp. 0. 
Fig. 2a—e 


LARVA. Second instar ( Fig. 24): Length 0.34 
mm., width 0.2 mm. Colour pale. Cephalic re- 
gion with 1 pair of paramedian hairlike setae 
and anterior to these 2 pairs of longer stout 
spines. Posteriorly on the thorax is 1 pair of 
short conical spines and a pair of very long 


FiG. 1. A’ urocanthus brevispinosus sp. n. a, Sec- 
ond instar larva; 6, third irstar larva; c, pupal case; 


WN NNW NN hu d, pupal case, vasiform orifice and caudal margin. 


(Scale in mm.) 
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FiG. 2. Aleurocanthus multispinosus sp. n. a, Sec- 
ond instar larva; 4, third instar larva; c, pupal case; 
d, pupal case, vasiform orifice and caudal margin; e, 
pupal case, margin. (Scale in mm.) 
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spines. Abdomen with 3 pairs of short conical 
spines and 2 pairs of long spines. Eighth ab- 
dominal setae and caudal setae long, hairlike. 

Third instar (Fig. 2b): Length 0.54 mm., 
width 0.31 mm. Colour pale. Cephalic area with 
2 pairs of long spines anterior to cephalic setae, 
lateral pair shorter. Thorax with 2 pairs long 
spines anteriorly, lateral pair shorter; 2 pairs 
of long spines posteriorly. Abdomen: 1 pair of 
paramedian processes on Ist segment, followed 
by 1 pair of long spines, 3 pairs of pores, 2 
pairs of long spines. Eighth abdominal and 
caudal setae hairlike. 

PUPAL CASE (Figs. 2c-e): Length 1.0 mm., 
width 0.71 mm. Colour black. Shape elliptical, 
wider behind mid-length, posterolateral mar- 
gins slightly concave and caudal region bluntly 
conical. No constriction across thoracic tracheal 
folds and no caudal invagination. Margin ( Fig. 
24) regularly toothed, teeth not broad and 
rounded but acute and pointed with the slope 
of the sides concave. Submargin not defined by 
submarginal line, finely ridged near margin. 
Thoracic and abdominal tracheal folds, clefts, 
pores, and combs absent. Cephalic area with 5 
pairs of long, black, somewhat frayed spines 
anterior to 1 pair of short finer paramedian 
cephalic setae. Eye spots not evident. Thoracic 
area with 5 pairs of long spines and 1 short 
thornlike spine midway between median line 
and margin metathorax. Abdomen with ill-de- 
fined median ridge, segmentation ill-defined, 
rhachis absent. Segment 1 with a pair of para- 
median processes. Segments 2—6 each with | 
pair of short thornlike paramedian spines. Seg- 
ment 7 with long spines. Eighth segment with 
1 pair of long stout spines, setae absent. Caudal 
setae short, hairlike, with bases about same 
width as vasiform orifice but nearer the margin 
than to the orifice. Five pairs of long lateral 
spines in same line as 8th abdominal spines 
and 3 pairs of long discal setae midway between 
paramedian and lateral spines. Vasiform orifice 
(Fig. 2e) raised, not clearly discernible, hem- 
ispherical. Operculum filling orifice. Lingula not 
discernible. 

HOLOTYPE: Pupal case on slide mount. De- 
posited in Institut Francais d'Océanie, Noumea, 
New Caledonia. 
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FiG. 3. Aleurocanthus nudus sp. n. a, Pupal case; 
b. pupal case, margin; c, pupal case, vasiform orifice. 
(Scale in mm.) 


PARATYPES: In author's collection. 

TYPE LOCALITY: New Caledonia, Montagne 
des Sources, 3,000 ft., coll. L.J.D. 

FOOD PLANT: Hibbertia sp. 

Similar to A. calophylli Kotinsky from Fiji 
but differing in the form of the marginal teeth. 


Aleurocanthus nudus sp. n. 
Fig. 


PUPAL CASE (Fig. 3a—c): Length 1.0 mm., 
width 0.72 mm. (holotype) but reaching 1.4 
mm. long. Colour black. Shape broadly elliptical, 
rounded anteriorly and posteriorly. Rather flat 
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but with median ridge and 2 thoracic lateral 
ridges. Wax fringe white about one-third body 
width. There is a submarginal line of wax, an 
inverted U-shaped wax line more or less con- 
touring the adult head and thorax, and 5 or 6 
transverse lines on the abdomen. Inside the mar- 
ginal line of wax there are narrow radial striae 
of wax and the disc is powdered with wax. Mar- 
gin (Fig. 3b) strongly toothed, teeth rounded, 

7 teeth in 0.1 mm. Submargin not defined from 
dorsal disc, radially striate, striae same width 
as teeth; with a number of minute simple pores, 
3 cephalic, 2 thoracic, 2 mid-length on abdomen. 
Thoracic and abdominal tracheal folds, pores, 
combs, and clefts absent. Eye spots present, sub- 
triangular. Cephalic and thoracic areas without 
setae, pores as in figure. Abdomen, segment 1 
with | pair paramedian pores, segments 2-6 
limited laterally and with paramedian pores. Be- 
tween segments 3 and 6, 4 lateral rays on each 
side. Seta bases on 8th abdominal segment on 
orifice rim about mid-length of orifice. Caudal 
seta bases close together, nearer margin than 
orifice. 

. Vasiform orifice (Fig. 3c) subcordate, 0.06 
mm. wide, 0.065 mm. long, internally toothed. 
Operculum subcordate, filling orifice 0.05 mm. 
long. Lingula parallel-sided, apex rounded. 

HOLOTYPE: Pupal case on slide mount. De- 
posited in Institut Frangais d’'Océanie, Noumea, 
New Caledonia. 

PARATYPES: In author's collection. 

TYPE LOCALITY: New Caledonia, Tinip, coll. 
L.J.D., 4/11/54. 

FOOD PLANT: Leucopogon sp. On upper sur- 
face of leaf. 

This species comes nearest the genus Alewro- 
canthus and is similar to dissimilis Q. & B. in 
the absence of long spines and to T-signatus 
Mask., serratus Q. & B., and spinosus Kuwana 
in the presence of lateral rays on the abdomen. 


Aleurocanthus spinithorax sp. n. 
Fig. 4a-d 


LARVA. Second instar (Fig. 4a): Length 
0.4 mm., width 0.27 mm. Colour pale laterally, 
brown medially. Margin with short broad trun- 
cate teeth. Cephalic area with 2 pairs of short 
conical spines anterior to cephalic hairlike setae 


118 
gag 
( ( } 
/(@\ \ a 
c 


Aleyrodidae of New Caledonia—DUMBLETON 


Fic. 4. Aleurocanthus spinithorax sp. n. a, Second 
instar larva; b, third instar lava; c, pupal case; d, pupal 
case, vasiform orifice and caudal margin. (Scale in 
mm.) 
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and | pair posterior. Thoracic area with 3 pairs 
of short conical spines. Abdomen: First seg- 
ment with | pair hairlike setae, following seg- 
ments with 4 pairs of short conical spines, 8th 
abdominal setae small or absent, 1 pair of short 
conical setae laterad of orifice, caudal setae hair- 
like. 

Third instar (Fig. 46): Length 0.68 mm., 
width 0.52 mm. Colour brown. Marginal teeth 
as in pupal case with pore mesad of each. 
Cephalic area with 2 pairs of short conical spines 
anterior to and 2 pairs posterior to cephalic 
hairlike setae. Thoracic area with 3 pairs of 
short conical setae. Abdomen: First segment 
with | pair of paramedian processes followed 
by 6 pairs of short conical spines. Eighth ab- 
dominal setae not discernible, caudal setae hair- 


like. 


PUPAL CASE (Fig. 4c, d): Length 1.1 mm., 
width 0.82 mm. Colour dark brown to black. 
Shape elliptical but slightly pointed anteriorly, 
angulated opposite end of transverse moulting 
suture and again at 2 points midway to anterior 
median line. Very slightly emarginate caudally. 


Not constricted across thoracic folds. Margin 
toothed, 9 teeth in 0.1 mm., teeth longer than 
wide, apex rounded. Thoracic tracheal folds in- 
dicated; pores, clefts, and combs absent. Ab- 
dominal tracheal folds, pores, clefts, and combs 
absent. Submargin with a continuous row of 
minute simple circular pores one behind each 
marginal tooth, not defined mesally by sub- 
marginal line, without setae but with 4 minute 
pores on each side of thorax and 2 on each side 
of abdomen mesad of the line of pores behind 
the teeth. Cephalic area delimited by line sub- 
parallel to margin commencing anterior to thor- 
acic fold and meeting at median suture. On 
each side a group of 3 long spines and 2 short 
spines. Thoracic area with the median part 
limited by lateral lines midway between median 
line and margin. Near the anterior end of these 
lines, on each side, a group of 2 long and 2 short 
spines. In the posterior lateral angle of the meta- 
thorax, and nearer the margin than the median 
line, is a single long spine. Abdomen broadly 
ridged in the median area with the segments 
limited laterally and with 3 rays extending half- 
way to margin from intersegmental sutures 4—5, 
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5-6, and 6-7. Segment | subrectangular with 2 
paramedian processes close together. Segments 
2-5 each with 2 paramedian nearly contiguous 
pores. Laterad of the boundary of the median 
ridge are 4 short spines opposite sutures 2-3, 
3-4, 4-5, and 5—G, a similar one at mid-length 
on 7, and 1 laterad of orifice on 8. The 8th ab- 
dominal seta is not discernible. Caudal seta bases 
as wide apart as spines on 8th segment. Vasiform 
orifice subcordate (Fig. 4d). Operculum fills 
orifice. Lingula not discernible. 

HOLOTYPE: Pupal case on slide mount. De- 
posited in Institut Francais d’Océanie, Noumea, 
New Caledonia. 

PARATYPES: In author's collection. 

TYPE LOCALITY: New Caledonia, Dothio, 
coll. F. Cohic. 

FOOD PLANT: An undetermined climbing 
plant. 

This species is very similar in facies to A. 
brevispinosus and shows affinities with Aleuro- 
trachelus Q. & B. The moulted skins of 2 larval 
instars are usually adhering to the dorsum of 
the pupal case. 


GENUS Bemisia Quaintance & Baker 


Bemisia cordylinidis sp. n. 
Fig. 5a—c 


LARVA. Third instar (Fig. 5a): Length 0.7 
mm., width 0.42 mm. Resembles pupal case but 
anal furrow less developed and caudal setae long 
and stout. 

PUPAL CASF (Fig. 54, ¢): Length 1.15 mm., 
width 0.80 mm. Colour transparent or white. 
Shape elliptical, flat. No constriction across 
thoracic pores, little or no caudal invagination. 
Margin finely crenulate. Submargin not sepa- 
rated from dorsal disc. Anterior and posterior 
marginal setae present. Area between submargin 
and tubercles with dense hemispherical pustules 
in radial arrangement, each row tending to con- 
sist of tubercules 2 deep. Cephalic area with 2 
pairs of minute paramedian setae. Thoracic area 
with tracheal folds, pores, combs, and clefts ab- 
sent; 3 pairs of tuberculate warts nearly midway 
between median line and margin. Abdomen, first 
segment with | pair of minute, widely spaced 
setae. Segments 1—5 with a median tuberculate 
wart, less developed on segments 1, 4, and 5. A 
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FIG. 5. Bemisia cordylinidis sp. n. a, Third instar 
larva, vasiform orifice and caudal margin; 6, pupal 


case; c, pupal case, vasiform orifice and caudal margin. 
(Scale in mm.) 
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row of 7 or 8 tubercles on each side, the pos- 
terior members tending to become continuous 
with the ridges bounding the anal furrow. These 
abdominal tubercles and those on the thorax 
outline the adult body. Seventh segment nar- 
rower than 6 and 8. Eighth segment with a pair 
of minute setae level with anterior margin of 
vasiform orifice, bases as wide apart as orifice 
width. Vasiform orifice (Fig. 5c) subtriangular, 
long, acutely pointed, with 2 or 3 oblique ridges 
on each side of apical half. Operculum semi- 
circular, not more than half the length of orifice. 
Lingula long, exposed, spatulate, pointed. Ridges 
of anal furrow contouring the orifice where 
the tubercles are somewhat pectinated, smooth 
tubercles between orifice and cauda. Caudal setae 
minute, on ends of furrow ridges near margin. 

HOLOTYPE: Pupal case on slide mount. De- 
posited in Institut Francais d'Océanie, Noumea, 
New Caledonia. 

PARATYPES: In author's collection. 

TYPE LOCALITY: New Caledonia, Montagne 
des Sources, coll. L.J.D. 

FOOD PLANT: Cordyline sp. 

The tuberculation suggests Asterobemisia Tre- 
han but the thoracic and abdominal tracheal 
folds and combs are absent. The species re- 
sembles Bemisia shinanoensis Kuwana but lacks 
setae on the abdomen. 


GENUS Dialeurodes Cockerell 


KEY TO NEW CALEDONIAN SPECIES 
(based on pupal cases ) 


1. With 5 large simple pores on each side... 
dothioensis sp. n. 
2. Pale species, adult body outlined by tuber- 
culate line; transverse moulting suture 
not continued anteriorly; anterior and 
posterior marginal, 8th abdominal and 
caudal setae present psychotriae sp. n. 
3. Black species; transverse suture continued 
anteriorly and meeting in median line 
and enclosing eye spots, lateral abdominal 
line passing from transverse suture to 
level with orifice; without setae 
dumbeaensis sp. n. 


Dialeurodes dothioensis sp. n. 
Fig. 6a, b 


PUPAL CASE (Fig. 6a, 6): Length 1.0 mm., 
width 0.73 mm. Colour transparent or white. 
Shape elliptical, widest at mid-length, with slight 
concavities in the thoracic and abdominal tra- 
cheal pore areas. Wax secretion in the form of 
pale blue filaments. Margin somewhat irregularly 
toothed, anterior and posterior marginal setae 
present. Submargin not defined from dorsal disc, 
with 12 short spearhead-like marginal setae on 
each side, 5 anterior to thoracic fold and 7 pos- 
terior to it. Cephalic area with | pair of para- 
median cephalic setae and anterior to these and 
nearer to the margin | pair of very large simple 


b 


FiG. 6. Dialeurodes dothioensis sp. n. a, Pupal case; 
4. pupal case, vasiform orifice and caudal margin. 
(Scale in mm.) 
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FiG. 7. Dialeurodes dumbeaensis sp. n. a, Pupal 
case; 6, pupal case, thoracic tracheal pore; ¢, pupal 
case, vasiform orifice and caudal margin. (Scale in 
mm.) 
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pores with thick walls of external diameter 0.045 
mm. Thoracic area with 1 pair of similar pores 
immediately anterior to thoracic folds which are 
not sculptured and end in a comb of about 5 
minute teeth. Abdomen with three pairs of large 
simple pores near margin, one opposite the 
transverse moulting suture, one slightly anterior 
to the orifice, and one caudad of the orifice. Ab- 
dominal tracheal fold and comb not evident. 
First abdominal segment with one pair of short 
setae. Eighth abdominal setae present longer 
than orifice, bases level with anterior margin of 
orifice. One short seta cephalad of each large 
caudal pore. Caudal setae caudad of these pores. 
Vasiform orifice (Fig. 64) subcordate, 0.06 mm. 
wide, 0.045 mm. long, no teeth on margin. 
Operculum nearly filling orifice, 0.04 mm. wide, 
0.035 mm. long. Lingula included, constricted 
near base, 0.02 mm. long, 0.015 mm. wide, sub- 
truncate apically. 

HOLOTYPE: Pupal case on slide mount. De- 
posited in Institut Frangais d’Océanie, Noumea, 
New Caledonia. 

PARATYPES: In author's collection. 

TYPE LOCALITY: New Caledonia, Dothio 
River Bridge, coll. F. Cohic, 17/6/53. 

FOOD PLANT: Undetermined. 

This species is closely related to D. decem- 
punctata Q. & B. but differs in that the thoracic 
fold is not between the first and second pores, 
in the spearhead shape of the marginal setae and 
in having only one seta anterior to each caudal 
pore. It differs from D. viburni Takahashi in 
having only one seta anterior to each caudal 
pore and in the form of the marginal setae. It 
belongs to the subgenus Dialeuropora Q. & B. 


Dialeurodes dumbeaensis sp. n. 
Fig. 7a—c 


PUPAL CASE (Fig. 7a—c): Length 1.25 mm., 
width 1.2 mm. Colour black. Shape subcircular, 
faintly constricted across thoracic folds but in- 
vaginated caudally at abdominal tracheal pore. 
The marginal fringe, of white wax rods half as 
wide as body, may split in stellate fashion into 
10 rays. Margin with rounded teeth, 10 teeth 
in 0.1 mm., anterior and posterior marginal 
setae present. The submarginal line is higher 
in elevation than the margin and the dorsal 
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FiG. 8. Dialeurodes psychotriae sp. n. a, Third in- 
star larva; 6, pupal case; c, pupal case, thoracic tra- 
cheal pore; d, pupal case, vasiform orifice and caudal 
margin. (Scale in mm.) 
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disc and the transverse and median moulting 
sutures are also elevated. Submargin radially 
striate 0.25 mm. wide, on outer half with 
radial rows of 4-5 minute circular poriferous 
papillae mesad of alternate teeth, intervening 
areas darker, inner half with radial rows of less 
well-defined subcircular nonporiferous papillae. 
Submarginal line on cephalothorax continuous 
with transverse moulting suture. Cephalic area 
with eye spots oval, long axis 0.03 mm. long, 
oblique, enclosed by submarginal line, without 
setae or evident pores. Thoracic area, without 
setae or evident pores. Tracheal folds not vis- 
ible dorsally, cleft present but closed, pore 
( Fig. 76) minute, subcircular, minutely toothed, 
inset from margin. Cephalothorax with scattered 
irregular minute pores. Abdomen. Submarginal 
line of abdomen ending level with orifice, the 
two halves joined by a semicircular raised line 
anterior to orifice, from the junction on each 
side a short raised line runs mesocaudally so 
that the orifice is enclosed except caudally. Ab- 
domen, segments 1-6 subequal in length, with- 
out setae but with transverse row of minute 
pores, seventh segment half as long. Vasiform 
orifice (Fig. 7c) semicircular, 0.03 mm. long, 
0.035 mm. wide. Operculum semicircular, 0.02 
mm. long, 0.03 mm. wide, filling orifice. Lingula 
not visible. Eighth abdominal setae represented 
by pores, level with anterior margin of orifice 
and distant from it. 

HOLOTYPE: Pupal case on slide mount. De- 
posited in Institut Frangais d'Océanie, Noumea, 
New Caledonia. 

PARATYPES: In author's collection. 

TYPE LOCALITY: New Caledonia, Dumbea, 
coll. L.J.D., 9/6/52. 

FOOD PLANT: Homalium sp.? 

This species would run to Dialeurodes sub- 
genus Gigaleyrodes Q. & B. in Quaintance & 
Baker's key, and is reminiscent of D.(G.) cerifera 
Q. & B. 


Dialeurodes psychotriae sp. 0. 
Fig. 8a—d 


LARVA. Second instar: Length 0.30 mm., 
width 0.28 mm. Elliptical. Colourless. Similar 
to 3rd instar but tubercles absent and marginal 
teeth more distinct. 
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Third instar (Fig. 84): Length 0.75 mm., 
width 0.56 mm. Elliptical. Colourless. Without 
tuberculate pattern but with scattered irregular 
small tubercles. Caudal setae situated on margin, 
strong. Tracheal pores with few teeth on margin, 
no clefts. Tracheal folds present, dotted. Mar- 
gin as in pupal case. 

PUPAL CASE (Fig. 8-d): Length 1.44 mm., 
width 1.15 mm. Colourless except for a circular 
pigmented middorsal area on meso- and meta- 
thorax and anterior half of first abdominal seg- 
ment, and another more elongate area on 7th 
and 8th abdominal segments including the ori- 
fice and extending caudad of it. Shape elliptical, 
flat, widest at mid-length. Margin slightly cren- 
ulated nearly entire with numerous marginal 
ridges and grooves extending a short distance 
mesally, anterior and posterior marginal setae 
present. Submargin not defined from dorsum. 
Body of adult outlined by a row of tubercles, 
single on cephalothorax but tending to be double 
on abdomen and ending caudad of orifice. Be- 
tween this and the margin on the abdomen is 
a second row of slightly smaller tubercles in 
single series. Thoracic tracheal folds present, 
marked by dots, extending from pore to line 
of tubercles where they are dilated. Pore ( Fig. 
8c) simple, without teeth, distant 0.05 mm. 
from margin, cleft present. Abdomen with scat- 
tered small circular pores especially between 
margin and outer row of tubercles. Setae not 
evident on segment 1. Posterior half of 6th 
abdominal segment between paramedian pores 
is finely spinulose. Eighth abdominal setae 0.03 
mm. long level with anterior margin of orifice, 
distant from orifice. Caudal setae 0.01 mm. long, 
one on each side of tracheal pore at mid-length. 
Vasiform orifice (Fig. 8d) subcordate, not 
toothed internally on lateral or posterior mar- 
gins, 0.04 mm. long, 0.04 mm. wide. Operculum 
filling orifice, 0.03 mm. long, 0.03 mm. wide. 
Lingula not exposed, parallel sided, apex 
rounded, as long as operculum. Abdominal tra- 
cheal fold present, marked by dots. Pore sim- 
ple, distant from margin by closed cleft. 
HOLOTYPE: Pupal case on slide mount. De- 
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posited in Institut Francais d’Océanie, Noumea, 
New Caledonia. 

PARATYPES: In author's collection. 

TYPE LOCALITY: New Caledonia, Plum, coll. 
L.J.D. 

FOOD PLANT: Psychotria deplanchei. 

This species would run to the subgenus 
Gigaleyrodes in Quaintance & Baker's key al- 
though the tracheal pore differs. A similar tuber- 
culation of the dorsal disc occurs in Dialeurodes 
(Dialeuronomada) dissimilis Q. & B. in which 
however the orifice is toothed. 


GENUS Dothioia nov. 


PUPAL CASE: Apparent margin not toothed, 
margin reflexed with small conical teeth. Tho- 
racic and abdominal tracheal folds not evident. 
Thoracic tracheal pore represented by two pro- 
jecting processes. Margin in the position of the 
abdominal tracheal pore with four or five ill- 
defined teeth. Apparent body margin sinuate, i.e., 
concave between the submarginal setae of which 
there are five on each side of the cephalothorax 
and four on the abdomen in addition to the 
caudal setae. 

TYPE SPECIES: D. bidentatus sp. n. 


Dothioia bidentatus sp. n. 
Fig. 9a—h 


LARVA. Third instar (Figs. 9a, 6): Length 
0.45 mm., width 0.31 mm. Shape elliptical. 
Colour pale. Margin toothed. Submargin with 
10 fine short setae on each side. Cephalic area 
with one pair of fine setae and four pairs of 
spines One pair of posterolateral thoracic spines. 
Abdomen, one pair of paramedian processes on 
first segment, seven pairs of spines laterad, 
eighth abdominal setae hairlike, level with ori- 
fice, caudal setae long. 

PUPAL CASE (Fig. 9c-f): Length 0.75 mm., 
width 0.56 mm. Colour black. Wax pattern of 
narrow linear raised elements; a median line 
along suture on anterior half of cephalothorax, 
a short transverse line on first abdominal seg- 
ment, and a longer oblique line in posterolateral 
angle of thorax. Apparent margin not toothed, 


FIG. 9. Dothioia bidentatus sp. n. a, Third instar larva; 6, third instar larva, vasiform orifice and caudal 
margin; ¢c, pupal case; d, pupal case, margin; e, pupal case, thoracic tracheal pore; f, pupal case, vasiform 


orifice and caudal margin; g, female, vasiform orifice and lingula; 4, male, claspers and aedeagus. (Scale in mm.) 
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sinuate, with 7 rounded prominences on each 
side. True margin may be visible between prom- 
inences near cauda and there show small conical 
teeth. Margin (Fig. 9d) reflexed ventrally, 
marked by a line of small conical teeth mesad of 
which is a clear membranous line separating the 
venter which is densely covered by small circular 
pigmented tubercles. Apparent margin with 9 
submarginal setae 0.05 mm. long, 4 anterior to 
thoracic pore, 1 on thorax caudad of pore, and 4 
on the abdomen in addition to the caudal seta on 
each side. Submargin in bleached specimens with 
elongated pigmented rectangular thickenings 
internally. Cephalic area with a pair of cephalic 
setae and anterolaterad of these about 4 small 
tubercles in the position of the eye spots. Tho- 
racic tracheal folds not evident, pores ( Fig. 
9e) represented by 2 projecting rounded proc- 
esses 0.01 mm. long. Abdomen with median ab- 
dominal ridge. Segments clearly defined laterally 
by raised tuberculate line, the lateral margins 
of the seventh segment produced caudad. Eighth 
abdominal setae as long as orifice, distant from 
it, and level with its anterior margin. Vasiform 
orifice (Fig. 9f) subcircular, 0.04 mm. long, 
internally ribbed. Operculum filling orifice. Lin- 
gula not visible. Abdominal tracheal fold not 
evident, no pore or comb, caudal margin with 
4 or 5 indistinct teeth between caudal setae. 

ADULT: (Fig. 9g-4): Pale yellow. Wings 
immaculate. Forewings with Rs and Cu present. 
Hind wings with single vein. Antennae with 
third segment longer than 4—7 combined, 4 and 
7 subequal and shorter than 5 and 6, which are 
subequal. About 18-19 setae in comb on hind 
tibia. Lingula (Fig. 9g) with sides subparallel, 
apex conical and reduced in thickness. Male 
with claspers slender, pointed; aedeagus ( Fig. 
9h) tapering slightly falcate apically. 

HOLOTYPE: Pupal case on slide mount. De- 
posited in Institut Francais d’'Océanie, Noumea, 
New Caledonia. 

PARATYPES: In author's collection. 

TYPE LOCALITY: New Caledonia, Dothio 
River, coll. L.J.D., 9/5/53. 

FOOD PLANT: Undetermined. 


GENUS Gomenella nov. 


PUPAL CASE: Circular. Submargin defined by 
submarginal line. Submarginal setae present or 
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absent. Dorsum densely covered with simple 
pores which may be large and contiguous. 
Thoracic tracheal pores flasklike, folds absent. 
Abdominal tracheal fold and pore present or 
absent. Anal furrow present. Vasiform orifice 
subcircular, operculum filling it. Lingula finger- 
like. Only 7 visible abdominal segments. Top- 
shaped, pit-making species. 

TYPE SPECIES: G. multipora sp. n. 

One of the species described below resem- 
bles Aleurochiton Tullgren in the presence of 
dense dorsal pores but differs as above and also 
in the absence of a vertical wax palisade. The 
other species conforms to Dialeurodes (s.g. 
Gigaleyrodes) except for the reflexed margins 
which suggest Tetralicia Harrison but it is 
otherwise unlike that genus. In assigning these 
2 species to a new genus, stress is placed on the 
apparent presence of only 7 visible abdominal 
segments and the top-shaped form correlated 
with the pit-making habit in spite of the dif- 
ferences noted in the following key. 


KEY TO THE NEW CALEDONIAN SPECIES 
(based on pupal cases ) 


Submargin reflexed, without setae; dorsum 
without dense large contiguous pores; ab- 
dominal tracheal pore present....reflexa sp. n. 


Gomenella multipora sp. n. 
Fig. 10a-f 


LARVA. First instar (Fig. 10a): Length 0.13 
mm., width 0.10 mm. Submarginal setae as in 
other stages but with very long caudal setae 
functional legs and long antennae, without large 
pores on dorsum, vasiform orifice more elongate. 

Second instar ( Fig. 104): Distinguished from 
other stages by sparse regularly arranged dorsal 
pores on thorax and a line of four subdorsal 
pores on each side of abdomen. 

Third instar (Fig. 10c): More numerous 
pores on the thorax, 3 rows of 3 pores on each 
side of abdomen not extending across median 
line as in pupal case. Two pores on each side 
of orifice. 

PUPAL CASE (Fig. 10d-f): Length 0.5 mm., 
width 0.5 mm. Pupae yellow. Pupal case colour- 
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FiG. 10. Gomenella multipora sp. n. a, First instar 
larva; 6, second instar larva; c, third instar larva; d, 
pupal case; e, pupal case, thoracic tracheal pore; f, 
pupal case, vasiform orifice and caudal margin. (Scale 
in mm.) 
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less. Shape circular, flat dorsally but convex 
ventrally, i.e., top-shaped where it fits into a 
pit on the leaf. Bearing a thick dorsal plate of 
wax which covers the body except for the sub- 
margin, orifice, and caudal area. Margin crenu- 
late, anterior and posterior marginal setae pres- 
ent. Submarginal groove present, contouring the 
margin except caudally. Fourteen submarginal 
setae on each side, 5 anterior to thoracic tra- 
cheal pore and 9 posterior. Thoracic tracheal 
fold absent. Thoracic pore (Fig. 10e) flask- 
shaped, reaching mesally nearly to submarginal 
groove; walls thicksided with numerous thick- 
enings, 4 or 5 small teeth on lip of pore which 
is slightly concave. Cephalic, thoracic, and ab- 
dominal areas of dorsal disc covered with dense 
circular simple pores. Lateral arms of transverse 
moulting suture straight meeting in very obtuse 
angle medially. Abdominal area densely covered 
with circular simple pores 0.01 mm. diameter. 
Segments each with a single transverse row of 
pores. Only 7 segments apparent. Eighth ab- 
dominal setae longer than orifice, bases distant 
from rim, and level with anterior margin of 
orifice. Vasiform orifice (Fig. 10f) subcircular, 
0.04 mm. long, 0.037 mm. wide. Operculum fill- 
ing orifice. Lingula subparallel-sided, apex 
rounded. Anal furrow present between posterior 
end of vasiform orifice and caudal setae, the 
ridges conturing the posterior part of the orifice. 
Caudal setae subequal in length to submarginal 
setae, bases nearer to margin than to orifice and 
narrower than orifice. Abdominal tracheal fold 
and pore absent. 

HOLOTYPE: Pupal case on slide mount. De- 
posited in Institut Frangais d'Océanie, Noumea, 
New Caledonia. 

PARATYPES: In author's collection. 

TYPE LOCALITY: New Caledonia, Tinip, coll. 
L.J.D., 4/11/54. 

FOOD PLANT: Undetermined. 

Occurring in pits on the tomentose under- 
surface of the leaf. 


Gomenella reflexa sp. n. 
Fig. lla—g 


LARVA. ? Instar (Fig. lla—c): Length 0.26 
mm., width 0.21 mm. Colour pale except 
diamond-shaped area surrounding orifice and 8th 
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segment. Subcircular dorsal surface, body top- 
shaped. Margin barely crenulated, submarginal 
pores broad. Thoracic tracheal fold visible on 
ventral surface as asperities. Thoracic tracheal 
combs (Fig. 114) present as small marginal 
teeth with 2 or 3 obscure teeth mesally. Thoracic 
and abdominal segmentation indistinct. Legs 
tapering, then widened distally. Vasiform orifice 
(Fig. 1l¢) subcordate with a small cell apically. 
Eighth abdominal setae short, fine, level with an- 
terior margin of orifice. Operculum subcordate, 
filling orifice. Lingula included, parallel-sided, 
apex rounded. Caudal setae short, fine, bases not 
as far apart as bases of 8th abdominal setae. 

These larvae occurred in pits on the upper 
surface of the leaves of Grevillea gillivrayi on 
Mont Dore (coll. L.J.D.). The disc of the dor- 
sum is covered with a shieldlike raised white 
wax plate, except for the orifice and the caudal 
area (Fig. 11d). They are considered to be 
those of reflexa because of the brown pigmenta- 
tion and the pit-making habit on the upper 
surface of the leaf. 

PUPAL CASE ( Fig. lle—g): Length 0.60 mm., 
width 0.58 mm. Colour dark brown. Shape cir- 
cular, flat dorsally but convex ventrally where 
it fics into a pit on the leaf. Apparent margin 
straight. Margin reflexed ventrally, distant about 
0.1 mm. fre .n apparent margin except posteriorly 
where it arises from near the anterior end of 
the abdominal tracheal pore, crenulated or with 
11-12 short rounded teeth in 0.1 mm. A sub- 
marginal line between the apparent margin and 
the margin, nearer to the latter. Area between 
margin and apparent margin radially striate. 
Setae absent, sutures and segmentation as in 
Figure lle. Minute scattered simple pores on 
body. Thoracic tracheal folds (Fig. 11f) pres- 
ent, beset with minute dots. Thoracic pore 
flask-shaped, invaginated, and with thick sides, 
the inner walls covered with short transverse 
projections, outer margin toothed. Abdomen, 
first abdominal segment short, 7th apparently 


FiG. 11. Gomenella reflexa sp. n. a, Third instar 
larva; 4, third instar larva, thoracic tracheal pore; 
c, third instar larva, vasiform orifice and caudal mar- 
gin; d, third instar larva, wax plate and pit; e, pupal 
case; f, pupal case, thoracic tracheal pore; g, pupal 
case, vasiform orifice and caudal margin. (Scale in 
mm. ) 
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absent. Abdominal tracheal fold present, with- 
out dots, abdominal tracheal pore similar to 
thoracic pore. Vasiform orifice (Fig. 11g) cor- 
date, 0.05 mm. long, 0.05 mm. wide. Eighth 
abdominal setae minute, at half the length of 
orifice. Operculum 0.04 mm. long, 0.04 mm. 
wide, subcordate, completely filling orifice. 
Lingula 0.025 mm. long, 0.012 wide, finger- 
like, slightly constricted before base, apex 
rounded, completely included. 

HOLOTYPE: Pupal case on slide mount. De- 
posited in Institut Francais d’'Océanie, Noumea, 
New Caledonia. 

PARATYPES: In author's collection. 

TYPE LOCALITY: New Caledonia, Riviere des 
Pirogues, coll. L.J.D., 31/7/54. 

FOOD PLANT: Maxwellia sp. 

The species is unusual in that it occupies 
pits on the dorsal surface of the leaves; the 
ventral surface of the leaves bears dense brown 
tomentum. 


GENUS Leucopogonella nov. 


PUPAL CASE: Margin entire or teeth only 
faintly indicated. A submarginal linear row of 
pores or papillae, giving the effect of an inner 
row of teeth. Submargin not separated from 
dorsal disc except in pale species. The row of 
pores is broken by 9 processes on each side, 
producing either 2 minute teeth on the margin 
or a marginal concavity between these points. 
Thoracic tracheal folds, pores, and combs ab- 
sent. Without rhachis. Without contiguous pores 
on first abdominal segment. Vasiform orifice 
small subcordate. Eighth abdominal setae slightly 
anterior to orifice. Caudal setae close together, 
bases not as wide apart as width of orifice. 

TYPE SPECIES: L. sinuata sp. n. 

This genus perhaps comes nearest Aleuro- 
trachelus but differs in the absence of an inner 
row of marginal teeth and in the absence of 
the nearly contiguous paramedian processes on 
the Ist abdominal segment. 


KEY TO THE NEW CALEDONIAN SPECIES 
(based on pupal cases ) 


|. Pale species..... 


Black species 2 


pallida sp. n. 
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. Without abdominal tracheal comb, margin 
not sinuate.... apectenata sp. n. 
Abdominal tracheal comb present, margin 


3. Wide abdominal ridge, no dark-bordered 
pores laterad on dorsal disc, caudal setae 
near margin ...... Sinuata sp. 0. 

Narrow abdominal ridge, 2 dark-bordered 
pores laterad on abdomen and on thorax, 
caudal setae nearer apex of orifice than 
to margin. wong simila sp. n. 


Leucopogonella apectenata sp. n. 
Fig. 12a-d 


PUPAL CASE ( Fig. 12a-d): Length 0.68 mm., 
width 0.41 mm. Colour black. Shape elliptical, 
not constricted across thoracic folds or invag- 
inated caudally. Pupal case sunk in raised vi- 
treous wax over which lie 8 ribbons of white 


oo ooo 


oO 


o 


FiG. 12. Leucopogonella apectenata sp. n. a, Pupal 
case, b, wax fringe; ¢, pupal case, margin; d, pupal 
case, vasiform orifice and caudal margin. (Scale in 


mm.) 


= 
= 
| 
Sinuate 3 
4 
| 
1 ‘ 4 
4, 
a 
» 
: 
+ 
SZ | 
j | 
9” 
~4 o? 
Po, Oo 
| 


130 


wax (Fig. 124) on each side and single an- 
terior and posterior median ribbons. Margin 
( Fig. 12c) reflexed, obscurely toothed. Apparent 
margin smooth except for 9 minute paired 
teeth on each side more or less equidistant, the 
margin between them straight or nearly so; 
4 on the cephalothorax, 5 on the abdomen with 
the anterior one opposite the end of the trans- 
verse moulting suture. Caudal margin with 2 
prominences. Submargin not separated from 
dorsal disc and pigmented to margin. On the 
submargin is a continuous linear series of 
contiguous subquadrate pores, about 10 between 
each pair of marginal processes. The pores tend 
to be longer than wide. A minute pore mesad 
of alternate large pores. The line of pores be- 
tween the processes is slightly concave. The 
processes are flanked on each side by a smaller 
pore. Cephalic area with pores as in figure. 
Meso- and metathorax each with 2 pairs of 
double pores, one larger and one smaller. Tho- 
racic tracheal folds, pores, and combs absent. 
Lateral arms of transverse moulting suture 
nearly straight, meeting in very obtuse median 
angle. Abdomen, pores on first abdominal seg- 
ment wide apart in same line as 2 pores on each 
side at mid-length, paramedian pores on second 
segment, 8th segment seta bases separated from 
orifice and level with its anterior margin. Vasi- 
form orifice (Fig. 12d) semicircular or broadly 
cordate, wider than long. Operculum fills orifice. 
Lingula short included, parallel-sided apex 
rounded. Distance between caudal seta bases 
about half width of orifice, bases nearer apex 
of orifice than to margin. Abdominal tracheal 
folds, pore, and comb absent. 

HOLOTYPE: Pupal case on slide mount. De- 
posited in Institut Frangais d'Océanie, Noumea, 
New Caledonia. 

PARATYPES: In author's collection. 

TYPE LOCALITY: New Caledonia, Tontouta 
River, coll. L.J.D., 27/4/53. 
FOOD PLANT: Leucopogon sp. 


Leucopogonella pallida sp. n. 
Fig. 13a—c 


PUPAL CASE ( Fig. 13a—c): Length 0.78 mm., 
width 0.42 mm. Colour white or colourless. 
Shape elongate-ovate with an anterior median 
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prominence (Fig. 134), without indentations in 
thoracic pore area. Margin crenate, scarcely 
toothed. Submargin defined by submarginal line. 
On the submargin a linear series of contiguous 
pores broader than long except in cephalic area, 
broken by 9 processes or openings, 5 on the 
cephalothorax and 4 on the abdomen. Pores as 
in figure. Most prominent are 2 submarginal 
pores on posterior half of thorax. Thoracic tra- 
cheal fold, pore, and comb absent. Thorax with 
a median ridge obscurely tuberculate and dim- 
inishing in width anteriorly. Abdomen with 
slight median ridge faintly outlined by minute 
tubercles. First segment without evident setae 
or pores. Segment 7 longer than 6. Eighth ab- 
dominal segment setae minute, slightly anterior 


pu0000P 


FiG. 13. Leucopogonella pallida sp. n. a, Pupal 
case; 6, pupal case, anterior margin; c, pupal case, 
vasiform orifice and caudal margin. (Scale in mm.) 
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to orifice, and distant from it. Vasiform orifice 
(Fig. 13c) subcordate, not notched posteriorly 
but contoured posteriorly by a semicircular line. 
Operculum subcordate, filling orifice. Lingula 
short, rounded apically. Caudal setae minute, 
bases as wide apart as those of the 8th abdominal 
setae. Two lateral discal pores on each side op- 
posite segments 5 and 7. Dorsal disc, especially 
between abdominal ridge and submargin, beset 
with subcircular pustules. Abdominal tracheal 
fold faintly indicated, finely stippled from ori- 
fice half way to margin. Abdominal tracheal 
comb present with 4 to 6 teeth which are longer 
than wide. 

HOLOTYPE: Pupal case on slide mount. De- 
posited in Institut Frangais d’Océanie, Noumea, 
New Caledonia. 

PARATYPES: In author's collection. 

TYPE LOCALITY: New Caledonia, Plum, coll. 
LJ.D. 

FOOD PLANT: Leucopogon sp. 

This species shows some affinities with Aleuro- 
paradoxus Q. & B. and Pentaleyrodes Takahashi. 


Leucopogonella simila sp. n. 
Fig. 14a—c 


PUPAL CASE ( Fig. 14a—c): Length 0.89 mm., 
width 0.57 mm. Colour dark but paler than 
sinuata. Shape elliptical, margin less sinuate 
than sinuata. Margin (Fig. 146) with 9 proc- 
esses on each side less prominent than in sinuata. 
Between the processes on the submargin are 14 
or 15 pores in a linear series. Pores tending 
to be longer than wide. Disc pores as in figure. 
Laterad on or near the submargin is a row of 
minute paired pores. Mesad of these on the ab- 
domen at mid-length is a pair of larger dark- 
bordered pores and a similar pore laterad on 
the mesothorax. The abdominal ridge is nar- 
row. Bases of the 8th abdominal setae slightly 
anterior to orifice and wider apart than the 
orifice width. Vasiform orifice (Fig. 14c) sub- 
cordate, similar to that of simuata. The bases of 
the caudal setae are slightly nearer to the apex 
of the orifice than the margin and about the 
same distance apart as the orifice width. Ab- 
dominal tracheal fold absent, comb of 8 to 9 
teeth whose rounded apices are level with mar- 


gin. 
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HOLOTYPE: Pupal case on slide mount. De- 
posited in Institut Frangais d’'Océanie, Noumea, 
New Caledonia. 

PARATYPES: In author's collection. 

TYPE LOCALITY: New Caledonia, Plum, coll. 
L.J.D. 


i 
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FiG. 14. Leucopogonella simila sp. n. a, Pupal case; 
4, pupal case, margin; ¢, pupal case, vasiform orifice 
and caudal margin. (Scale in mm.) 
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FOOD PLANT: Leucopogon sp. 
This species occurred on the same food plant 
with L. sinuata. 


Leucopogonella sinuata sp. n. 
Fig. 15a, b 


PUPAL CASE (Fig. 15a, 6): Length 1.0 mm. 
Width 0.66 mm. Colour black. Shape elliptical. 
Margin entire or faintly crenulate, sinuate. Sub- 
margin distinctly paler than disc but not sep- 
arated by submarginal line. Margin with 9 proc- 
cesses on each side, concave between these proc- 
esses. Submargin with continuous linear series 
of pores. These are pale subcircular or sub- 
elliptical areas partly separated by blunt conical 
black processes of the dorsal disc. About 12-13 
pores between processes. A somewhat irregular 
row of minute pores mesad of the larger linear 
series. Thoracic area without tracheal folds, 
pores, or combs. Segments bounded laterally 
about midway between median line and mar- 
gin. Abdomen with segments laterally bounded. 
Eighth abdominal segment with setae bases 
wider apart than orifice and distant from and 
slightly anterior to it. Vasiform orifice (Fig. 
156) transverse, subcordate. Operculum filling 
orifice. Lingula. Abdominal tracheal fold absent, 
tracheal comb present with about 10 teeth, each 
longer than wide, rounded apically, and some- 
what fluted. Caudal seta bases nearer to margin 
than to apex of orifice, as wide apart as width 
of orifice. 

HOLOTYPE: Pupal case on slide mount. De- 
posited in Institut Francais d'Océanie, Noumea, 
New Caledonia. 

PARATYPES: In author's collection. 

TYPE LOCALITY: New Caledonia, Plum, coll 

FOOD PLANT: Leucopogon sp. 

Occurred with simila at Plum on the same 
food plant, and also at Yate, Montagne des 
Sources, and Mt. Mou. 


GENUS Orchamoplatus Russell 


(Proc. Hawaiian Ent. Soc. 16 (3): 389- 
410. New name for Orchamus Q. & B. pre- 
occupied in Orthoptera.) The following species 
of this genus were described and keyed in a 
previous paper (Proc. R. Ent. Soc. Lond. (B) 
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FIG. 15. Leucopogonella sinuata sp. n. a, Pupal 
case; 6, pupal case, vasiform orifice and caudal margin. 
(Scale in mm.) 
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25, pts. 7-8, pp. 131-141, 1956): caledonicus 
Dumbleton, dentatus Dumbleton, incognitus 
Dumbleton, montanus Dumbleton, plamensis 
Dumbleton, and porosus Dumbleton. Russell 
described another species, O. noumeae, from 
citrus in New Caledonia and keyed the existing 
species of the genus, which include O. calophylli 
Russell from Tonga. 


Orchamoplatus perdentatus sp. n. 
Fig. 16a—c 


PUPAL CASE (Fig. 16a—c): Length 0.95 mm., 
width 0.79 mm. Colour black. Widest slightly 
behind mid-length, flat subcircular, deeply con- 
stricted across thoracic combs. Margin with 
teeth prominent, rounded, as long as wide. Sub- 
marginal line distant from margin, meeting and 
continuous with transverse moulting suture on 
each side and together completely enclosing the 
cephalothoracic area. Submargin with a single 
row of papillae, about 18 anterior to the tho- 
racic tracheal comb and 37 posterior to it on 
each side. Eye spots triangular, distant from 
submarginal line. Thoracic tracheal fold not in- 
dicated, comb (Fig. 164) with about 6 teeth 
which are more rounded apically than in denta- 
tus. First abdominal segment with a pair of 
setae and the usual paramedian pores on seg- 
ments 2 to 5. Segment 6 with 1 pair of spe- 
cialised papillae identical with those on the sub- 
margin. Eighth abdominal seta on tubercles 
about mid-length on rim of orifice. Vasiform 
orifice (Fig. 16c) subcircular, 0.07 mm. long, 
slightly transverse. Operculum filling orifice. 
Lingula not visible. Caudal setae 0.05 mm. long. 
Abdominal tracheal fold faintly indicated, comb 
with 6 or 7 teeth, separated, rounded apically. 

HOLOTYPE: Pupal case on slide mount. De- 
posited in Institut Francais d'Océanie, Noumea, 
New Caledonia. 

TYPE LOCALITY: New Caledonia, coll. F. 
Cohic. 

FOOD PLANT: Undetermined. 

The unique specimen is distinct. O. citri Ta- 
kahashi, the only other species with papillae 
on the disc of the dorsum, has several papillae 
laterad on the abdomen and is pale in colour. 
The specics is separable from O. dentatus Dum- 
bleton by the following characters: more cir- 
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FiG. 16. Orchamoplatus perdentatus sp. n. a, Pupal 
case; 6, pupal case, thoracic tracheal pore and comb; 


- ¢, pupal case, vasiform orifice and caudal margin. 


(Scale in mm.) 
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cular shape, more broadly rounded anteriorly, 
more numerous submarginal papillae especially 
on abdomen, cephalothoracic area completely 
enclosed by submarginal line and transverse ; 
moulting suture, 2 papillae on the 6th abdominal 
segment, eye spots distant from submarginal 
line, suture between 7th and 8th abdominal 
segments and pockets very close to anterior 
margin of vasiform orifice. In this latter char- 
acter the species resembles plamensis Dumble- 
ton. 


GENUS Parabemisia Takahashi 


Parabemisia reticulata sp. n. 
Fig. 17a—c 


PUPAL CASE (Fig. 17a—c): Length 1.0 mm., 
width 0.78 mm. Colour transparent or white. 
Shape elliptical or subcircular, flat, constricted 
between thoracic clefts, caudal cleft invaginated. 
Margin with teeth absent but with short nar- 
row ridges immediately mesad of the margin. 
Anterior and posterior marginal setae present. 
Submargin not defined. Segmentation as in fig- 
ure. Thoracic tracheal combs absent, clefts pres- 
ent. Pore (Fig. 176) inset from margin, opens 
into tracheal fold which is hexagonally reticulate 
for half its length. The reticulated area is some- 
b what variable, sometimes longer and expanded ‘ 
mesally. Abdomen without setae on Ist segment, 
7th segment shorter than 6th and 8th. Eighth 
abdominal setae minute, close to anterior lateral 
margin of orifice. Vasiform orifice (Fig. 17¢) 
longer than wide, subtriangular but rounded 
apically, floor with 8-9 subparallel transverse 
ridges. Operculum sub-semicircular, wider than 
long, less than half as long as orifice, more than 
half length exposed with lateral knob at base 
of exposed part on each side. Caudal setae small, 
= midway between apex of orifice and margin. 
Abdominal tracheal cleft and pore similar to 
thoracic, fold reticulate for only a short distance 
cephalad. 
HOLOTYPE: Pupal case on slide mount. De- 
posited in Institut Francais d'Océanie, Noumea, 
New Caledonia. 


FIG. 17. Parabemisia reticulata sp. n. a, Pupal case; 
4, pupal case, thoracic tracheal pore; c, pupal case, 
vasiform orifice and caudal margin. (Scale in mm.) 


134 

; 
| 

EE 

ig 
= 

-_ 
= 
Py 

4 


Aleyrodidae of New Caledonia—DUMBLETON 


FiG. 18. Tetraleurodes submarginata sp. n. a, First instar larva; 6, third instar larva; c, second instar larva; 
d, pupal case; e, pupal case, abdominal sculpturing; f, pupal case, vasiform orifice and caudal margin. (Scale 


in mm.) 


PARATYPES: In author's collection. 

TYPE LOCALITY: New Caledonia, Montagne 
des Sources, coll. L.J.D., 17/12/54. 

FOOD PLANT: Undetermined. 

The facies of this species is that of Bemisia 
but the lateral knobs on the lingula suggest 
Parabemisia and it is placed in that genus, 
though in the absence of marginal setae and 
tracheal combs and the presence of tracheal clefts 
like those of Dialeurodes it is not typical. 


GENUS Tetraleurodes Cockerell 


Tetraleurodes submarginata sp. n. 
Fig. 18a-f 


LARVA. First instar (Fig. 184): Length 0.24 
mm., width 0.13 mm. Colour pale. Shape elon- 
gate-elliptical. Submargin with 6 short setae on 
each side. Cephalic area with a raised median 
prominence and 2 short spines anterior to it; 
cephalic spines long, reaching to first abdominal 
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segment. Spines on first abdominal segment 
long, reaching to orifice. Caudal spines as long 
as anterior cephalic spines. 

Second instar (Fig. 18c): Length 0.39 mm., 
width 0.21 mm. Colour pale. Shape elongate- 
elliptical, slightly tapering posteriorly. Margin 
crenulate. Inner row of teeth faint or absent. 
Submarginal line present. Caudal setae and first 
abdominal setae present. 

Third instar (Fig. 186): Length 0.70 mm., 
width (52 mm. Colour light brown, submargin 
darker. Shape elongate-elliptical, distinctly ta- 
pering posteriorly. Margin with 2 rows of teeth. 
Transverse moulting suture not evident. Proc- 
esses on first abdominal segment thick and long. 
No sculpturing evident on abdominal segments. 

PUPAL CASE (Fig. 18d-f): Length 1.1 mm., 
width 0.72 mm. Colour black. Shape elliptical, 
convex. Margin toothed with 2 rows of teeth. 
Outer row longer than wide, rounded apically, 
dark brown or black. Submargin wide, sharply 
defined by groove which contours the margin 
completely. On submargin mesad of inner teeth 
are small circular dots behind alternate teeth. 
Anterior and posterior marginal setae present, 


short. Submargin in cephalothoracic region with 
4 larger pores on each side abdomen with 2 
such pores on each side posteriorly at mid-length. 
Cephalic region with subcircular eye spots and 
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| pair short paramedian setae. Pores on ce- 
phalothorax as in figure, many paired, especially 
laterad. Thoracic tracheal folds, pores, and combs 
absent. Abdomen, first segment with 1 pair of 
short paramedian setae and with toothed sculp- 
turing (Fig. 18e) anterior to base of each seta. 
Segments 2—7 with similar sculpturing and with 
paramedian pores. Paired pores laterad on disc 
and adjoining submarginal line. Eighth segment 
with seta bases distant from and anterior to 
orifice. Vasiform orifice (Fig. 18f) subcordate, 
not toothed, slightly raised. Operculum sub- 
cordate, filling orifice. Lingula not discernible. 
Caudal setae on submargin, long, projecting be- 
yond margin, bases as wide as orifice. Abdominal 
tracheal fold, pore, comb, and anal furrow absent. 

HOLOTYPE: Pupal case on slide mount. De- 
posited in Institut Frangais d’Océanie, Noumea, 
New Caledonia. 

PARATYPES: In author's collection. 

TYPE LOCALITY: New Caledonia, Dothio, coll. 
F. Cohic. 

FOOD PLANT: Undetermined (? Eugenia). 

This species would run to Hempelia Sampson 
& Drews in Sampson's key but is unlike that 
genus. In facies it is a Tetraleurodes with 2 rows 
of marginal teeth, or an Aleurotrachelus with 
a submarginal groovt. 
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The Ascidians of Point Barrow, Alaska, Part | 
Suborder Phlebobranchia (Enterogona) 


DONALD P. ABBottT! 


DURING THE YEARS 1948 to 1951 sizeable col- 
lections of ascidians were made by workers at 
the Arctic Research Laboratory, Point Barrow, 
Alaska. Most of the specimens were dredged 
during the summers of 1948 to 1950 under the 
supervision of Professor G. E. MacGinitie of 
the California Institute of Technology, in the 
course of an extensive survey of the distribu- 
tion and ecology of the marine invertebrates of 
Point Barrow.” This material was forwarded to 
me for study through the kindness of Professor 
MacGinitie and of Drs. Paul Illg and Fenner 
A. Chace, Jr., of the Smithsonian Institution, 
U. S. National Museum. Additional small col- 
lections of ascidians were made in 1950-1951 
by Dr. Ira L. Wiggins and Mr. James Béhlke 
of Stanford University; these have been made 
available to me by Miss Margaret Storey of the 
Natural History Museum, Stanford University. 
It is a pleasure to express my thanks to those 
named above. 

A general account of the environment and 
marine invertebrate fauna of Point Barrow is 
now available (MacGinitie, 1955). This gives 
complete locations and descriptions of dredging 
stations 1-62 (MacGinitie, 1955: 60-85, fig. 
1), and includes some information on the dis- 
tribution and ecology of the ascidians (pp. 180- 
183). The ascidian names used by MacGinitie 
are based on determinations made by myself. 
McGinitie’s locality records are more compre- 
hensive than those included here, for he has 
listed some records resulting from field identi- 
fications (using determined comparison speci- 
mens) of material which was not preserved for 
later study. In the present systematic account I 


"Hopkins Marine Station of Stanford University, 
Pacific Grove, California. Manuscript received October 
12, 1959. 

* Supported by funds from the Office of Naval Re- 
search, Contract and Task Order no. N6-onr 24316, 
Project no. NR 162 911. 


have cited only specimens which | have exam- 
ined personally. 

The collections contained 27 ascidians be- 
longing to the suborder Phlebobranchia, rep- 
resenting 3 species: Ascidia callosa, Chelyosoma 
macleayanum, and C. inaequale. The first 2 
species are familiar arctic forms; while well 
known, much remains to be learned of their 
variability. C. imaequale is previously known 
only from 10 specimens, plus three very dubious 
records from deep water off southern California 
and Panama (Van Name, 1945: 209). Collect- 
ing data on the material examined are listed in 
Table 1. 

In the following section the references listed 
are limited to a few earlier works-which have 
made important contributions or which con- 
tain good descriptions or extensive bibliog- 
raphies on the species concerned. The descrip- 
tions given are intended to supplement, not 
duplicate, the existing accounts cited for each 
species. 

ORDER ENTEROGONA 
SUBORDER PHLEBOBRANCHIA 


FAMILY ASCIDITDAE 


Ascidia callosa Stimpson, 1852 

Ascidia adhaerens Ritter, 1901, pp. 227-230, 
pl. 27, figs. 1-5. 

A. (Ascidiopsis) columbiana Arnbick, 1934, 
pp. 53-55, text figs. 13-14. 

A. callosa Hartmeyer, 1924, pp. 41-53; Huus, 
1930, pp. 1-11, figs. 1-6; Arnbiick, 1934, 
pp. 49-52, pl. 4, 6, figs. 19-26, 43-44, 
text fig. 12; Van Name, 1945, pp. 178-180, 
pl. 4, fig. 5, text figs. 92-94. 

Ascidiopsis columbiana Huntsman, 1912, pp. 
110-113, pl. 10, fig. 5, pl. 14, figs. 5, 7, 8 


DESCRIPTION: The following notes supple- 
ment the description given in Van Name 
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TABLE 1 


COLLECTING STATION DATA ON PHLEBORANCHIATE ASCIDIANS EXAMINED 


1961 


PACIFIC SCIENCE, Vol. XV, January 


Stations 20-61 were occupied by MacGinitie, stations B51—31 to B51—33 by Bohlke 


SPECIMENS EXAMINED 


Chely- 
TYPE OF BOTTOM AND osoma Chely- 
STATION DEPTH REMARKS Ascidia macleay- osoma 
NUMBER DATE ( ft.) (after MacGinitie, 1955) callosa anum inaequale 
20 9 Sep 48 125 stones (sea urchins, Psolus, sea 3 
anemones ) 
23 15 Sep 48 130 | stones (sea anemones, Psolus, sea 3 
urchins ) 
26 9 Aug 49 130 stones, gravel . l 
27 9 Aug 49 420 | stones, gravel | | 
32 17 Aug 49 741 | mud (worm tubes) l 
36 6 Sep 49 477 | few rocks (worm tubes) , | 
37 6 Sep 49 227 | stones, large perforated rocks 4 
42 6 Oct 49 216 rocks, stones (Psolus, sea urchins) 2 
44 11 Oct 49 453 | rocks, stones, small amount of l 2 l 
gravel (Psolus) 
15 11 Oct 49 341 stones, gravel, few rocks (sea l 
urchins) 
61 5 Aug 50 204 mud, stones, gravel l 
B51-31 29 Jul 51 151 l 
BS1-—32 | 29 Jul 51 164 2 
29 Jul 51 


(1945). Tunic highly variable with size, age, 
and environment; in smaller specimens less than 
1 mm. thick, membranous, colorless, trans- 
parent, smooth or slightly tuberculate, some- 
times papillate about the apertures; in larger 
individuals up to 9 mm. thick, gelatinous to 
cartilaginous, dirty tan to olive brown, often 
wrinkled and encrusted with debris. Siphons 
ranging from very short to nearly one-third of 
the total body length. Oral aperture with 6-8 
lobes, atrial with 6 lobes; some individuals 
with orange pigment spots between adjacent 
lobes on both siphons. Tentacles of 3 or 4 sizes, 
variable in number (Table 2), and regular to 
irregular in arrangement. Dorsal tubercle usu- 
ally with a U-shaped slit, the opening some- 
times canted toward the left; horns of the slit 
conspicuously outrolled in the largest specimen 
examined (sta. 44). Internal longitudinal ves- 
sels variable in number (Table 2), bearing 
both regular and intermediate papillae (the lat- 
ter often irregularly distributed). Transverse 


vessels of 5 orders present in larger specimen 
from sta. 42, the smallest order being parastig- 
matic, irregularly distributed, incompletely de- 
veloped, and corresponding in position to the 
intermediate papillae of the internal longitu- 
dinal vessels. Stigmata 2-20 per mesh. Renal 
vesicles forming a conspicuous layer of small 
bladders, particularly on the gut and adjacent 
mantle on the left side. Gonads well developed 
only in the 3 specimens from sta. 20 (1 speci- 
men, only 11 mm. long, bore a single row of 
large eggs in its oviduct), all of these with de- 
veloping larvae in the atrial chambers. 
DISCUSSION: This species has often been con- 
fused with Ascidia obliqua and A. prunum, 
which also occur in arctic waters. It differs from 
A. obliqua in bearing intermediate papillae on 
the internal longitudinal vessels and in its pos- 
session of abundant renal vesicles. It is dis- 
tinguished from A. pranum most conspicuously 
by its much smaller number of internal longitu- 
dinal vessels and by its habit of brooding 
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FiG. 1. Chelyosoma macleayanum. Dorsal view of 
disc; growth lines indicated only on intersiphonal 
plate and two siphonal plates. 4, Individual with 7 
marginal plates; 6, individual with 8 marginal plates. 


embryos and immature larvae within the atrial 
cavity. 

The tentacle counts for the 4 largest speci- 
mens (Table 2) are higher than those usually 
obtained in A. callosa, although Arnbiack (1934: 
53) records similar numbers. The difference 
here is probably not significant. Tentacle counts 
vary a good deal depending on the degree of 


development of a fourth cycle of very small 
tentacles; in the present study these tentacles 
were counted when present, whereas earlier 
workers have often ignored or overlooked them 
in making counts. 


The specimen from 741 ft. (123 fathoms) 


represents an unusual depth record for the 
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species; Van Name (1945: 180) indicates a 
maximum depth for A. callosa of about 80 
fathoms. 

DISTRIBUTION: Norway, N. Ireland (?), the 
Faeroes, Iceland, Greenland, eastern N. America 
south to Cape Cod, arctic N. America, western 
N. America south to Puget Sound, Bering Sea, 
and Korea. 


FAMILY RHODOSOMATIDAE 


Chelyosoma macleayanum Broderip & Sowerby, 
1830 
Fig. la, b 


Chelyosoma macleayanum Huntsman, 1921, 
pp. 27-33, pl. 1, fig. 1, text fig. 1; Hart- 
meyer, 1924, pp. 2-9, text fig. 36; Arn- 
biick, 1934, pp. 76-84, pl. 5, figs. 27-33; 
Van Name, 1945, pp. 205-207, text fig. 
118. 


DESCRIPTION: The following notes supple- 
ment the description of Van Name (1945). 
Dorsal disc of test divided inte plates arranged 
as follows: 6 triangular plates forming a ring 
about each aperture; remainder of disc bearing 
1 central intersiphonal plate and 7 or 8 mar- 
ginal plates, the 8th marginal plate, when pres- 
ent, occupying an asymmetric position to the 
right of the center of the intersiphonal plate 
( Fig. 1); lateroventral plates below rim of disc 


TABLE 2 
Ascidia callosa 


STATION 
NUMBER 


DIMENSIONS 
(mm. ) 


ORAL 
LOBES 
20 1lx 6x & 
27 14x 9x ¢ 8 6 
20 
42 
61 16 16 
32 33 24x12 
i 412813 

755335 


ATRIAL 
LOBES, | 


INTERNAL LONGITUDINAL 
VESSELS 


TENTA- 


CLES Total 


35-36 


Right Left 
19-20 16 


19 14 33 


20 16 36 

18 16 34 
17-18 19 

26 23 49 


* Measured on animal removed from tunic; all other size measurements in table made on intact animal in tunic 


+ Fourth order tentacles unusually numerous. 
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24 
26 
70+ | 
ca. 50 
ca. 65 
ca. 55 


TABLE 3 
Chelyosoma macleayanum 

NUMBER 
NUMBER | OF 

LENGTH | OF GROWTH 

STATION | OF DISC MARGINAL LINES ON 

NUMBER (mm.) PLATES | PLATES 

ON DISC | OF DISC 
7 
23 7 
36 3 8 0 
23 7 8 — 
44 8 7 2 
37 8 8 2 
44 8.5 7 2 
B51-—32 10 8 2 
37 11 8 2 
45 12 8 2 
B51-—33 12 8 2 
B51-—32 13 7 2 
37 14 8 1? 
37 17 8 3 
B51-31 30 8 3 


indistinct or absent except in largest specimen 
(disc 30 mm. long); 0-3 growth lines present 
on plates of disc. Quantitative information is 
presented in Table 3. 

DISCUSSION: All of the specimens of this 
well-known arctic species obtained at Point Bar- 
row are assigned to the form typica ( Arnbiick, 
1934), which is characterized by possession of 
a single central intersiphonal plate and 5~9 
marginal plates. Van Name (1945) considers 
the individuals with 7 more or less symmetrically 
placed marginal plates (Fig. la) to represent 
the normal condition, and this appears to be 
the case in northern Atlantic waters, but Arn- 
biick has described a population from Pitlekaj 
on the Siberian arctic coast (67° 7’ N., 173° 
24’ W.) in which the modal number of mar- 
ginal plates is 8, the 8th plate being located on 
the right as in the Point Barrow specimens. The 
sparse comparative data available (Table 4) sug- 
gest a zoogeographic cline with respect to num- 
ber of marginal plates, and a re-examination of 
earlier collections of C. macleayanum with this 
possibility in mind should prove worthwhile. 

Growth lines on the test plates show a gen- 
eral increase in number with the size of the 
animal (Table 3), and suggest that the largest 
individuals taken were in their 4th year (see 
Huntsman, 1921). 
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DISTRIBUTION: Circumpolar arctic: Russia, 
Norway, Iceland, Greenland, eastern N. Amer- 
ica south to Cape Ann, arctic N. America, 
Bering Strait, Sea of Okhotsk, Siberian arctic. 


Chelyosoma inaequale Redikorzev, 1913 
Figs. 2, 


C. inaequale Redikorzev, 1913, pp. 206-208, 
fig. 2; Arnbick, 1934, pp. 80-81; Van 
Name, 1945, p. 209. 


DESCRIPTION: Body elongate-oval, the dorsal 
surface flattened to form an oval disc bearing 
the siphons and surrounded by a marginal ridge 
whose prominence varies with degree of body 
contraction. Both apertures 6-lobed. Tunic 
tough, flexible, translucent, grey-white to yel- 
lowish, locally thickened to form triangular 
plates on all siphon lobes (Fig. 34) and a con- 
spicuous array of warts, ridges, and small plates 
on the disc and marginal ridge, giving the dor- 
sal surface a tesselated appearance ( Figs. 2, 3a). 
Internal surface of tunic bearing a ridge below 


Fic. 2. Chelyosoma inaequale. Dorsal view of disc. 
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TABLE 4 


Chelyosoma macleayanum, PER CENT OF POPULATION BEARING SPECIFIC NUMBERS OF 
MARGINAL PLATES 


NUMBER OF 
SPECIMENS 
EXAMINED 


REFERENCE AND LOCATION 


Hartmeyer, 1924; material mostly from 
Greenland... 

Present collections; Point Barrow, Alaska 

Arnbick, 1934; material from Siberian arctic, 
mostly Pitlekaj 


each siphonal plate and numerous papillae dor- 
sally and dorsolaterally to which mantle muscles 
attach. Mantle thin, with muscles strongly de- 
veloped about the siphons and below the mar- 
ginal ridge of the disc but nearly absent else- 
where. Tentacles simple, of 2—4 orders (Table 
5). Dorsal tubercle with a crescentic slit (Fig. 
3c); 20-40 dorsal languets of 1 or 2 sizes 
(Fig. 3c; Table 5). Pharynx relatively complex 
and thick-walled (Fig. 3d); 18-31 internal 
longitudinal vessels on each side, often inter- 
rupted, where incomplete their position being 
marked by papillae; transverse vessels irregularly 
branched, in places forming a perforated sheet 
medial to the stigmata; stigmata scattered, vary- 
ing from oval slits to spiral infundibula, ex- 
hibiting complex anastomoses with other phar- 
yngeal structures; external pharyngeal wall in 
places provided with branching bundles of mus- 


NUMBER OF MARGINAL 
6 8 


PLATES 


Uncertain 


4 
% 


cle fibers. Anal margin lobulate (Fig. 3¢). 
Gonads situated in the intestinal loop and rami- 
fied over most of the inner and outer surfaces 
of the intestine. 

DISCUSSION: This remarkable species is 
known with fair certainty only from Redikor- 
zev's original material (7 specimens, Sea of Ok- 
hotsk) and from 3 small individuals from 
Teller and Point Hope, Alaska, reported by Van 
Name (1945). It differs from all other mem- 

ers of the genus in lacking a clear series of 
dorsal plates arranged with fair geometrical reg- 
ularity and precision, the test instead being 
relatively smooth or dotted with scattered thick- 
enings and protuberances. The latter are espe- 
cially well developed in the present specimens, 
and, while irregular, do sometimes suggest a 
crude pattern consisting of a central intersi- 
phonal plate (divided in the median sagittal 


TABLE 5 


Chelyosoma inaequale 


DIMENSIONS OF TEST 


STATION 
NUMBER | W Ht 


26 19 


NUMBER OF 
TENTACLES 


| ca. 36 of Ist 2 orders; ca. 39 
of 3rd and 4th orders 


INTERNAL LONGI- 
TUDINAL VESSELS 


Right Left 


22, of 19 18 
2 sizes 


DORSAL 
LAN- 
GUETS 


44 ca. 58 of Ist 2 orders; ca. 55 20 
of 3rd order; 4th order very 
small, numerous, and ir- 
regularly placed 


| ca. 58 of 1st 2 orders; few 
scattered smaller tentacles 
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Fic. 3. Chelyosoma inaequale. a, Dorsal view of disc; 6, oral siphon from anterior left side; c, dorsal 
tubercle and anterior dorsal languets; d, small area of pharynx, viewed from interior; e, anal margin. 


plane in the largest specimen) flanked by 2 or REFERENCES 

3 rows of peripheral plates. Internally the speci- __ ‘ 
mens agree favorably with Redikorzev’s ac- ARNBACK-CHRISTIE-LINDE, A. 1934. Tunicata, 
count, particularly in the unusual complexity of 4. Cionidae, Ascidiidae, Agnesiidae, Rhodo- 
the pharyngeal wall. The only previous figure somatidae. In: Northern and arctic inverte- 
of the species is Redikorzev's sketch of the en- brates in the collection of the Swedish State 
tire animal, which shows few details. Museum. K. Svensk. Vetens. Akad. Handi. 

DISTRIBUTION: Sea of Okhotsk, west coast (3rd ser.) 13(3): 1-91, 6 pls. 22 figs. 

of Alaska off Teller and Point Hope (but see .HARTMEYER, R. 1924. Ascidiacea, Pt. 2. Dan. 
Van Name, 1945). Ingolf-Exped. 2(7): 1-278, 45 figs., 1 map. 
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Coluber radiatus is a well-known snake in Java. 
However, we found only 43 of these in a total 
of nearly 6,000 snakes collected over a num- 
ber of years before and after World War II in 
the north coast of Java. Looking at the small 
number of Coluber radiatus in our catches, one 
may get the impression that it may be much 
less common than was generally thought. 

The name radiatus is explained by Schlegel 
(1837: 135) as referring to the very typical 
black stripes on the head and on the sides 
of the body: 


Liocciput est marqué d'une raie transversale 
noire et un peu en croissant, a laquelle se joig- 
nent de chaque c6té une raie plus étroite pro- 
venant de loeil: deux autres, naissant égale- 
ment sur les bords de cet organe descendent sur 
les lévres. Le dos est orné de deux larges raies 
noires longitudinales; une autre plus étroite 
régne le long des flancs. ... 


The popular name in Java is “ular tikus,” 
meaning the snake (that hunts the) rats, and 
it is a very apt name, as this snake is indeed a 
predator on rats and mice and as such is a very 
useful animal. It is incredibly swift in its move- 
ments: we had a C. radiatus in a rather small 
cage, about 100 cm. long and 80 cm. wide and 
deep, and a rat was put into it. For the first 
minutes nothing happened, but ail of a sudden 
the snake moved and, in a matter of a few 
seconds, it caught the rat in @ coil, crushing it 
to death. The whole attack happened so quickly 
that it was difficult to follow the series of move- 
ments involved. This snake is not poisonous and 
is in no way harmful to man, but it is aggressive, 
it strikes and bites easily. Sometimes it takes a 
remarkable attitude more of defense than of at- 
tack, as is described by van Heurn (1929), who 
gives the following details: the first third of 
the body is bent in a U that points laterally, the 


* Royal Tropical Institute, Amsterdam. Manuscript 
received June 8, 1959. 


The Anatomy of Coluber radiatus and Coluber melanurus 
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head is directed forward towards the enemy, 
the mouth is wide open. The neck is compressed 
laterally, contrary to the manner of cobras. The 
author illustrates his article with a clear draw- 
ing. 

MATERIALS AND METHODS: Our material con- 
sists of 43 snakes, 28 from Surabaia (8 females, 
20 males), and 15 from Djakarta (5 females, 
9 males, one new-born animal that has not been 
sexed). Kopstein (1941) measured the length 
of the body and that of the tail in 15 females 
and 16 males. In our series we took each animal 
that was offered, without attempting a selection. 
The snakes were killed by occipital puncture, 
weighed, perfused through the aorta with saline 
followed by Bouins liquid for hardening, and 
then the distances from the snout to the top 
and to the end of each organ were measured. 
For statistical analysis the work of Simpson 
and Roe (1939) has been followed. 

PATHOLOGY: Infestation with round worms 
was fairly common. Two males (body length 
1249 and 1252 mm.) were wounded, the first 
one at about one-third of its length behind the 
head, the other one close behind the head. 

BLOOD: The blood of a female (body length 
1156 mm.) was analysed in the laboratory of 
Prof. Radsma. The following results were ob- 
tained: Na 509, K 18.8, Ca 17.2, where the 
figures represent the number of mgs. per 100 
ml. of plasma. 

SIZE: The maximum lengths observed by 
various authors are summarized, together with 
our data, in Table 1. 

In our material combined with the data gath- 
ered by Kopstein, the female group includes six 
very young animals, hardly more than new-born 
ones, as against a single very small one in the 
male group. To make both groups more com- 
parable, the five shortest females are not in- 
cluded in the data used for Figure 1. 

For our reasoning it does not make much 
difference whether we include them or leave 
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FiG. 1. Body lengths, male and female specimens. 


them out, because, in any event, the point of 
intersection between the first steep part of the 
curve and the plateau is to be found at a length 
of about 950 mm. The curve does not suggest 
a sexual dimorphism in body length. 

- SEX RATIO: It is always a difficult question 
whether the findings on a small group can be 
used in a more general way. In the case of the 
sex ratio in C. radiatus, there are three inde- 
pendent observations, each one on a small group, 
but all pointing in the same direction. In Table 
2 the figures of Kopstein (1938) and those of 
our material from Surabaia and Djakarta are 
shown. 

These figures are very suggestive of a sex 
ratio of two males to one female. However, in 
1941 Kopstein published a list of measurements 
on 16 males and 15 females, those of 1938 in- 
cluded. This may signify that a few years more 
of collecting can change the first impression. 
On the other hand Kopstein, when collecting, 
has not included in his method the factor of 


TABLE 1 
Coluber radiatus, LENGTH OF BODY AND OF TAIL 
SEX 
INKNOWN 
Body | Tail 
1280) 330 


MALES 
Body Tail 


AUTHOR FEMALES 


Body | Tail 
de Rooy 
Smith. 
Kopstein 
Bergman..... 


1520, 370 | 1445 
1267  (293)*| 1218 
1380 (311) | 1352 


350 
(308) 
308 


* The figures for the length of the tail in parentheses do not 
refer to the animal whose body length is given. 


TABLE 2 
Coluber radiatus, SEX RATIO 


FE- 


AUTHOR MALES | TOTAL 
+ 


Kopstein 1938.. 
Bergman Surabaia 
Bergman Djakarta 


MALES 


Totals 


not-selecting as a conditio sine qua non, and it 
seems probable that his first figure is more the 
result of a random sample than the second one. 
But even when we take Kopstein’s later figures, 
there is a greater number of males, still in the 
order of two males to one female. 

MATURITY: In our small series, the shortest 
female carrying growing eggs (which are 6 mm. 
in length) has a body length of 1006 mm. As 
we saw in the curve of successive body lengths 
( Fig. 1), the intersection of the ascent and the 
plateau is at about 950 mm. body length. We 
will not be very far from the real value when 
we take this figure as the lewer limit of the 
adult size for both sexes. 

BODY LENGTH: When all animals are taken 
together, the average figure for the length of 
the body is 1096 mm. in males, 898 mm. in 
females. However, we have already noted that 
there is an excess of five new-born animals in 
the female group, which, in a total of 28 ani- 
mals, makes the average figure too low. If these 
five females are removed from the series, the 
average length for the females would be 1018 
mm. Taking the adults alone (in this case the 
animals with a body length longer than 950 
mm.), the average length for 38 males is close 
to 1170 mm., and for 16 females is 1178 mm., 
which is practically the same figure. It can be 


TABLE 3 


Coluber radiatus, MUTILATION OF THE TAIL 


TAIL 
Whole 
Males 35 


Totals 


10 45 


Females 24 4 28 


— 


Total 59 14 73 
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TABLE 3a 
Coluber radiatus, MUTILATION OF THE TAIL 


MUTI- 


WHOLE LATED TOTALS 
Young 17 
Adult 42 12 | 54 
Total 59 14 73 


concluded, therefore, that there is no suggestion 
of sexual dimorphism in body length. 

TAIL: For a fighting species the number of 
broken tails does not seem excessively high: 
14 in a total of 73. The figures for both sexes 
are given in Table 3. One might ask whether 
the males show more mutilated tails than do 
the females, or whether it is the other way round, 
or perhaps whether there is no difference at all. 

For the data shown here, y* is very small, 
and the deviation from the hypothesis of in- 
dependency is very probably due to chance. In 
other words, there is no association between 
frequency of mutilation and sex. 

If we should take the young animals of both 
sexes together and, similarly, the older ones of 
both sexes, and divide these into groups of 
mutilated and of nonmutilated individuals, then 
Table 3a will show these new figures. y° = 
1.24, and it is nat possible to see here an as- 
sociation between the length of life and the 
number of casualties. 

The length of the tail and the body for non- 
mutilated animals is given in Table 4, and the 
illustration in Figure 2. 

In both sexes the relative length of the tail 


TABLE 4 


Coluber radiatus, LENGTH OF BODY AND OF TAIL 


AVERAGE LENGTH OF THE: 


N Body Tail 


length 


Males, juv. 6 658 165 250 
adult... 28 1155 288 252 
Female, juv. 6 640 153 | 239 
adult..... 13 1170 281 240 
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TABLE 5 


Coluber radiatus, THE LENGTH OF THE TAIL 
IN %- OF THE BODY LENGTH 


N R | M+en | Vtoyv 
Males (28 | 12.3+1.6, 4.90.7 
Females) 13 | 222—268) 240.0 3.4) 12.2+2.4 5.1£1.0 


is the same in both the group of young and that 
of the adult animals. 

Between the sexes there is a difference which 
is small but which may well be real: D/oy is 
2.76. The hypothesis that there is a sexual 
dimorphism in the length of the tail seems more 
probable than the alternative. 

FERTILITY: Kopstein (1941) reports the ob- 
servation of van Heurn, who saw 8 eggs in one 
nest, and adds an observation of his own upon 
a nest with 10 eggs. Smith (1943) mentions 
from 5 to 12 eggs laid at a time. In our mate- 
rial, four animals carried mature eggs in the 
uterus or in the ovaries. The figures are sum- 
marized in Table 6. 

The average number of eggs per female is 
about 7, with 5 of them on the right side and 
2 on the left. 

TOPOGRAPHY: Data on the topographical pat- 
tern of the organs are available for 27 male 
adult animals with an average body length of 
1196 mm., and for 9 adult females with an 
average body length of 1200 mm. 

In this case it is already apparent from the 
average figures that all of the organs are situated 
more cranially in the female than in the males, 


<0 — a 


e ength in mer 


Fic. 2. Body lengths as related to tail lengths. 
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TABLE 6 
Coluber radiatus, NUMBER OF EGGS 


NUMBER OF EGGS 
Right Left 


BODY LENGTH 
IN MM. 
1074 
1287 
1332 
1352 


Total n = 4 


Total 


v. Heurn 
Kopstein 
Smith 
Smith 
Totaln = 8 


except for the kidneys and the caudal pole of 
the left ovary, which are situated more caudally 
in the female. However, to make possible a 
comparison with other snakes, a table contain- 
ing the percentile values has been added. 

LENGTHS: The lengths of the organs are of 
the same order in both sexes, except for the 
gonads: the ovaries are twice as long as the 
testes. There is some asymmetry: in both sexes 
the gonads as well as the kidneys are longer 
on the right side than on the left. 
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INTERVALS: The intervals between the organs 
are of the same order in both sexes; in the 
cranial half of the body they are somewhat 
greater in the male. In the caudal half the figures 
are a little higher in the female on the left 
side. On the right side it is especially By, the 
space between the right gonad and the right 
kidney, which is greater in females (D/op = 
4). This is due to the fact that the top of the 
right kidney is more caudally placed in the fe- 
male (Tables 8, 9). The total amount of free 
space on both sides is the same in both sexes. 
However, if we count only the space from the 
pancreas to the kidney (Dy) on the right side 
and to that (D,) on the left side, this region, 
where the eggs will develop, is greater in fe- 
males than is the corresponding area in the 
males, amounting to a difference of about 27 
per cent on the right side and 15 per cent on 
the left. 

VARIABILITY: The coefficient of variability 
(V) is low for all topographical data: it is about 
7 in the male series and about 12 in the female. 


In the case of the length of the organs, this 
coefficient is high for the length of the spleen 
in both sexes and for the length of the gonads 


TABLE 7 


Coluber radiatus, 6 ADULTS (> 950 mm.), TOPOGRAPHY 


R 


957-1380 
237-351 
199-264 
231-302 
286-383 
471-653 
579-832 
603-859 
604-856 
620-872 
601-850 
605-857 
688-993 
734-1044 
741-1079 
776-1138 
782-1149 
858-1273 
833-1248 
917-1331 


Body 

Tail 

Heart, top 
end 

Liver, top 
end 

Gallbladder, top 
end 

Pancreas, top 
end 

Spleen, top 
end 

Sex R, top 
end 

Sex L, top 
end 

Kidney R, top 
end 

Kidney L, top 
end 


4 


4 


4 


NN 


M+em 
1170.0+15.2 
287.9+4.7 
241.2+2.9 
276.8+3.2 
364.3249 
580.9 7.2 
708.2+10.1 
737.0+10.0 
734.2+11.2 
751.4+10.2 
734.2+88 
737.02+10.2 
853.6+12.0 
905.3211.4 
931.32 13.1 
975.32%13.3 
990.8~12.9 
1090.9 15.4 
1056.0 14.9 
1150.1+15.6 


94.0108 
24.643.3 
14.8+2.0 
16.9+2.3 
25.2+3.4 
37.745. 


8.0+0.9 
8.51.1 
6.10.8 
6.108 
6.90.9 
6.5+0.9 
52.827 7.51.0 
§2.3+7. 7.110 
58.327.9 7921.1 
53.0+7. 121.0 
53.327 321.0 
53.127. 7.21.0 
62.18. 7.31.0 
§59.428.1 
68.0+9.3 7.31.0 
69.2+9.4 7.11.0 
67.2+9.2 6820.9 
80.0+10.9 7.31.0 
774410.5 7.31.0 
81.0+11.0 7.11.0 


Un 


| 
| 6 3 9 ; 
? 5 2 7 
4 3 7 
6 6 
: 21 8 29 
8 
10 4 
5 
12 
64 
Al 
| 
| 
4 
38 
28 
27 
27 
7 
AF 
7 
4 9 itr 
5 
27 
7 | 
27 
37 
27 | 
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in the females. For the other organs the range 
of V is from 10 to 17. 

For the intervals the difference seems to be 
somewhat more marked, the values of V being 
greater in the female series. However, the small 
number of females influences the value of o. 
Furthermore, the quotient D/op is never higher 
than 2.5. This figure is found for the variability 
of C, (the distance from the left kidney to the 
cloaca) in both sexes. 


FEMALES 
Liver “Spleen, Gonad Cloaca 
Heart Galibladder ‘\ Kidney 
Pacreas 


FiG. 3. Topographical pattern of the internal organs in males and females of Coluber radiatus. 


CORRELATIONS: The length of tail has al- 
ready been discussed above (Table 4). The 
coefficient of correlation is of the same value 
in the two sexes. Supporting figures are given in 
Table 12, both for the symbol r and for its 
transposition in Z. 

The correlation between the length of the 
body and the weight of the animals seems to 
be low in the male group. The average weight 
is of nearly the same value in both sexes. There 


N R M+om otoo Vitey 
Body 16 989-1325 1175.329.0 116.0+ 20.6 8.41.5 
Tail 13 247-308 280.4+5.0 17.9+3.5 6.4+1.2 
Heart, top 9 195-269 229.5+8.6 28.7+6.8 12.5+2.9 
end... 9 221-304 263.9+11.5 34.6+8.2 13.14+3.1 
Liver, top 9 265-390 324.7+15.0 45.0+10.6 13.843.3 
end 9 453-653 554.5+23.3 70.0+ 16.5 12.6+3.0 
Gallbladder, top 9 570-765 673.2+25.8 77.1£18.2 11.5%2.7 
end 9 596-798 697.7+26.5 79.6+18.8 11.4£2.7 
Pancreas, top 9 588-798 695.3+ 26.6 79.6+18.8 11.5%2.7 
end 9 602-816 711.5+27.0 $1.4+19.2 
Spleen, top...... 9 584-790 689.2+26.4 79.0+18.6 11.52%2.7 
9 589-798 695.8+ 26.6 79.6+18.8 11.442.7 
Ovar. R, top. 9 677-902 784.3+25.4 76.1+18.0 9.7+2.3 
9 738-1023 880.1 33.8 101.5+23.9 11.522.7 
Ovar. L, top 9 761-1034 902.2+36.0 108.0+ 25.4 12.0+2.8 
9 808-1121 977.3+40.0 121.0+ 28.5 12.4+2.9 
Kidney R, top 9 826-1150 1006.4+ 39.0 117.0+27.6 11.6%2.7 
9 910-1258 1102.2+43.0 129.0+30.4 11.7228 
Kidney L, top 9 874-1186 1063.1+38.6 116.0+27.3 10.9+2.6 
end 9 950-1272 1147.2+43.8 131.5+31.0 11.4%2.7 


TABLE 8 


Coluber radiatus, 2 ADULTS (> 950 mm.), TOPOGRAPHY 


= 
: 
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Bodyiength mm Bosyiength in mm 


Fic. 4. Relationships between length and weight in Fic. 5. Length of gonads as related to body length 
males and females. and sex. 


TABLE 9 


TOPOGRAPHY OF Coluber radiatus IN °/o. OF THE BODY LENGTH 


FEMALES, THE FOLLOW- 
¢ ADULTS N= 27 9 ADULTS N=9 ING ORGANS SHIFT 
IN 
Body length M = 1196 Body length M = 1200 Cranially Caudally 
*/ oo */ 
Body length.. 1000 1000 
Heart, top... 
end 
length 
Liver, top.. 
end... 
length......... 
Gallbladder, top. 
end 


Pancreas, top.. 
length... 

Spleen, top.. 
end...... 
length... 

Sex R, top. 


* Data from the table of correlations 


tf 
3004 + 30) 
4 
q 
- 
4 
614 580 34 
629 593 36 
15 13 
610 575 35 
616 580 36 
J 6 5 
3 704 645 71 
‘ end } 743 733 25 
length... 40 89 
i Sex L, top. 766 752 23 4 a 
end....... 803 815 
length..... 35 63 
Kidney R, top.. 791 840 49 
876 919 43 
length.......... 85 79 
Kidney L, top... 850 886 36 
922 955 33 
length.... 73 69 
157 149 
‘ 
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TABLE 10 


Coluber radiatus, ADULTS, LENGTH OF THE ORGANS 


Males > 950 mm. 
body 
tail 
heart 
liver... 
gallbladder 
pancreas 
spleen 
sex R 
sex L 
sex both 
kidney R 
kidney L 
both kidneys 


Females > 959 mm. 
body 
tail 
heart 
liver 
gallbladder 
pancreas 
spleen 
ovar. R 
ovar. L. 
ovar. both 
kidney R 
kidney L 
both kidneys 


Coluber radiatus, MALE ADULTS, INTERVALS BETWEEN 


Al snout—heart 

A2 heart-liver 

A} liver—gallbladder 
A 

B1 pancreas—gonad 
B2 gonad R-kidney R 
B3 kidney R—cloaca 

B 


Cl pancreas—gonad L 
C2 gonad L—kidney L 
C3 kidney L—cloaca 

A+B 

A+C 

Dr pancreas—kidney R 


N 


4 


4 


Nm NN NN NN 
4 


Z 


4 


DL pancreas—kidney L 


R 


957-1380 
237-351 
30-45 
185-291 
22—42 
12-27 
4-12 
41-61 
30-59 
76-110 
76-134 
64-112 
150-232 


989-1352 


108-291 
71-126 
70-96 

141-216 


TABLE 11 


R 


199-264 
43-87 
95-179 

362-506 
68-141 
38-125 
77-120 

215-333 

121-208 

48-113 
39-59 

218-366 

577-839 

580-872 

162-284 

213-376 


M+om 


1170.0£15.2 
287.9+4.7 
36.0+0.8 
236.8+3.9 
29.4+1.0 
18.9+0.6 
6.9+04 
7.71.3 
41.2+1.4 
88.8 2.3 
105.7+2.9 
2.0 
197.0£1.2 


1178.5+29.0 
280.4+5.0 
34.541.7 
230.711.3 
26.51.7 
16.2+1.1 
6.5+0.6 
106.9 13.2 
75.0+8.2 
182.0+23.4 
95.7+4.9 
83.2+3.0 
178.9+7.9 


M+om 


66.3+2.1 
435.-+7.5 
101.5+2.7 
85.64. 
102.7+2.2 
289.2+4.9 
182.0+ 3.5 
47.6+1.1 
311.5+5.8 
724.3+10.8 
742.8+12.1 
232.9%4.7 
305.5£5.5 


94.0+10.8 
24.62+3.3 
4.2+0.6 
20.2+2.7 
5.2+0.7 
3.3+04 
2.30.3 
6.1+0.8 
6.6+0.9 
11.0+1.5 
14.9+2.0 
10.4+1.4 
20.2+2.7 


116.0+ 20.5 
17.9+3.2 
35.1278 
1.2 
3.2+0.8 
1.7+0.4 
39.6£9.3 
24.6+5.8 
70.0+16.5 
16.3£3.9 
9.12.1 
23.8+5.6 


THE ORGANS 


gtoo 


14.8+2.0 
11.021.5 
19.8% 2.7 
39. —-+5.3 
14.-+1.9 
20.7 + 2.8 
11.-2+1.5 
25.0+ 3.5 
18.—-+2.4 
17.3%2.4 

5.4+0.8 
30.—+4.2 
§5.-+7.6 
60.9+8.5 
24.7+3.3 
30.624.3 


Vitcy 


8.0+0.9 

8.51.1 
11.7+1.6 

$5212 
17.6+2.4 
17.5224 
33.0+4.5 
12.7£1.7 
16.0+2.2 
12.4+1.7 
14.1£1.9 
11.7+1.6 
10.2£1.4 


841.5 

641.3 
15.1£3.6 
14.3+3.4 
19.5+4.6 
19.8+4.7 
26.2+6.2 
37.0+8.7 
32.87.7 
38.6+9.1 
17.0+4.1 
10.9+2.6 
13.3+3.1 


6.1+08 
16.6% 2.5 
13.52.6 
9.-+1.2 
13.9£1.8 
24.2+3.4 
10.71.5 
8.61.2 
9.9+1.4 
21.2+2.8 
1141.6 
9.6+ 1.3 
7.6+1- 
8.21.1 
1.5 
10.-+1.4 
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TABLE 12 


Coluber radiatus, FEMALE ADULTS, INTERVALS BETWEEN THE ORGANS 


Al snout—heart. 
A2 heart-liver.... 
A3 liver—gallbladder 
A. 

Bl pancreas—ovar. 

B2 gonad R—kidney 
B3 kidney R—cloaca 

B 

Cl pancreas—ovar...... 
C2 ovar. L-kidney L 
C3 kidney L-cloaca 

A+B 

A+C 

Dr pancreas—kidney R 
pancreas—kidney L 


Body length 
Tail length 


Body length 
Weight 


Body length 
Gonads 


Body length 
Kidneys 


Body length. 
Tail length 


Body length 
Weight 


Body length 
Gonads 


Body iength.. 
Kidneys 


R 


195-269 
36-90 
60-161 

302-516 
29-86 
88-166 
73-117 

227-334 

147-250 
51-118 
39-84 

534-831 

592-861 

215-365 

263-418 


TABLE 13 


229.5+8.6 
60.8+5.5 
118.4+9.3 
398.7+6.3 
62.7+5.8 
126.3+8.7 
73.8+3.6 
28.6+4.1 
190.7+10.8 
85.7+6.6 
53.-+4.8 
330.2+17.2 
694.7 + 30.7 
739.-+29.- 
295.-+14.- 
351.3+16- 


Coluber radiatus, CORRELATIONS 


FEMALES 
R 


1006-1352 
247-308 
r= 0.750 
989-1352 
118-658 
u = 0.810 
989-1352 
108-291 
r = 0.740 
989-1352 
141-216 
r = 0.750 


MALES 


957-1285 
237-350 
r = 0.760 
1061-1380 
217-635 
r = 0.508 
957-1380 
76-110 
r= 0410 
957-1380 
150-232 
r = 0.780 


M+em 


1200.3 64.0 
280.0 10.2 
Z = 0.96+0.58 
1216 +55.6 
426 +78 
Z = 1.14+0.45 
1200.0+51.0 
182.0+22.8 
Z = 0.95+0A1 
1200.051.0 
179.0 8.8 
Z= 0.96+0A1 


1158.7+18.1 
287.4+ 4.6 
Z = 1.00+0.20 
1210.6£15.5 
477.8+21.7 
Z = 0.570.23 
1192.2+15.4 
88.8+ 1.9 
Z = 0.44+0.20 
1201.0£18.3 
196.5 4.1 
Z = 1.06+0.28 


28.7+6.8 
16.4+3.9 
27.9+6.6 
18.644 
17.7+4.2 
26.-+6.1 
12.2+2.9 
32.5+2.9 
19.9+4.7 
13.7+3.2 
45.5+10.7 
29.1+6.8 
27.6+6.5 
41.8+9.9 


143.0 
22.9 


148.- 
206.- 


144- 
64.5 


144.0 
248 


97.6+12.8 
24.72% 3.2 


72.8+11.0 
101.7£15.3 


80.0~ 10.9 
9.92 14 


93.15129 
20.8+ 2.9 


23.6+5.6 

4.71.1 
28.2+6.6 
20.6+4.9 
14.8+3.5 

4.31.0 
17.1+4- 
23.2+5.5 
25.6+6.0 
13.7+3.2 

4.9+1.2 

3.7+0.9 
14.5+3.4 
13.82% 3.3 


$421.1 
8.6+1.1 


6.00.9 
21.2252 


6.7+0.9 


7.61.0 
10.6+ 1.5 
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Bodyiength in mm 

Fic. 6. Length of kidneys as related to body length 
and sex. 


is no sexual dimorphism in this respect. 

The coefficient of variation for the length of 
the gonads is much higher in the small group 
of females than in the male group; the co- 
efficient of correlation r is lower in the latter. 

For the length of the body and that of the 
kidneys, the values of the coefficients of cor- 
relation r are of the same order for both sexes. 


Coluber melanurus 


Coluber melanurus appears to be widespread 
(de Rooy, 1916). However, in the vicinity of 
Surabaia and Djakarta on the north coast of 
Java this snake is very seldom found: we col- 
lected only four of these animals, three males, 
me female. 

Melanurus means “with a black tail.” In our 
specimens not only the black tail is very con- 
spicuous, but the black markings on the sides 
in the cranial half of the body and the black 


COLUBER MELANURUS 


males 
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streaks behind the eye cannot be overlooked. 

The maximum size, according to de Rooy, 
is 1400 + 400 mm. Smith gives 1200 + 360 
mm. for a male (Elaphe flavolineata). Our 
specimens are much smaller: they range from 
387 to 481 mm. in body length. This would 
suggest that they are young animals. The female 
is the shorter one. However, the number of 
observations is too small to be of any use when 
the question is put whether or not there is a 
sexual dimorphism in body length. The length 
of the tail (in %o of the body length) is 
242-242-269 in our male animals, and in our 
female specimen it is 238. So there does not seem 
to be a sexual dimorphism in this character. 

In one of the males, (400 mm. in length), 
a worm was protruding through the skin, about 
at the level of the top of the right testis. 

TOPOGRAPHY: The measurements and their 
values (expressed in permillage of the length 
of the body) are given in Table 14. 

In our young female the heart and the liver 
are placed somewhat more caudally than in the 
males, which is an unusual though not wholly 
improbable situation. Another exceptional meas- 
urement is that the top of the right kidney is 
also placed more cranially in this female than 
in the males. Table 14 shows the relevant figures 
in brackets. Perhaps an error in recording the 
data has been made here. Indeed, one would ex- 
pect the top of the right kidneys in a female 
animal to be placed a little caudally from the 
same spot in the male, or perhaps at the same 
level, but hardly more cranially. Furthermore, 
as the figures are studied, the length of the right 


females 


heart gonad k 
galibladder 
pancreas 


FiG. 7. Topographical pattern of the internal organs in males and a female of Coluber melanurus. 
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kidney seems to be rather long in this female— 
55 mm.—whereas one would expect it to be 
about 93 %o of the body length, or about 36 
mm. If the kidney had really been so much 
longer than usual, I would certainly have added 
a memorandum to that effect. If we accept the 
smaller figure (36 mm.) for the end of the kid- 
ney as the correct one, because we find it to 
correspond with the expected value, this cor- 
rection would place the top at 331 mm. from 


153 


the snout instead of at 313, as was recorded. 
This is probably to be explained as a simple 
transposition of the figures. Unfortunately the 
material is no longer available and cannot be 
checked. 

LENGTH OF THE ORGANS: The only difference 
found between the sexes is the length of the 
kidneys, and as explained, this is probably a 
mistake. If we accept the rectification, the length 
of both kidneys in the female is 64 mm. or, in 


TABLE 14 


Coluber melanurus 


Absolute values 


| 3021 
481 
129 
113 
126 


Gallbladder, top 


Testes R, top..... 
length... 

Testes L, top 
end 
length........... 
both...... 

Kidney R, top... 
length 

Kidney L, top.... 
end......... 


FEMALES 
| Absolute 


value 


63 | 
| (313) {810} 


= 
4 
MALES 
2110 | 5795 M 5210 
Body. 400 429 437 1000 387 1000 
Ae 95 107 | 230 92 238 iz 
Heart, top........ 91 100 230 | 99 256 
length 15 | 24 | 13 17 | 40 | 9 | 23 
| 134 | 145 | 161 147 336 | 135 | 349 
71| 71| 90 77 177 | 70 | 181 
| 268 305 | 272 629 241 | 623 
& TS [a | 278 | 311 | 283 | 650 249 | 638 
length......... 11) 10 | 6| 9 | 21 8 21 
a " Pancreas, top........... .| 260 | 272 | 310 | 281 | 643 247 638 
268 279 | 318 288 | 661 253 654 
7 | 7| 18 | 6 | 16 
Spleen, | 258 | 271 308 | 279 639 — — 
length 2| 2| 3 | 2 | 5 
311 | 327. 371 «(769 295 762 
15} 13) 16 | 14. 34 14 | 36 
324 | «344 | (391 333 | 809 =| — 
338 357 402 366 | $38 
14) 13 | 11| 13 | 29| — j 
335 | 369 410 851 : 
aw 370 | 408 | 458 | 412 944 368 951 j 
35 | 39 | 48 | 4l 93 | (55}| (141) 
ise 428 | 390 | 895 | 349 903 
386 415 | 465 | 422 966 | 375 970 
28 | 37 | 32 | 72 | 26 67 
63 | 85 | 72| 165 81 208 
Weight........... 12 | 14 |_24 |_17 | 38 | 22 57 
Lung, top....... 108 | 107 376 
trachea....... 111 287 
trabecula...... | 147 380 


TABLE 15 
Coluber melanurus, SHIELDS 


VEN- SUB- 

SEX TRALS CAUDALS ROWS 
Djak. 228 88 19-19-17 
de Rooy 193-234 89-115 19 
Smith 193-234 85-115 | 19-19-17 
2 Djak. 226 86 19-19-17 


te Of the body length, 165 exactly as in the 
males. 

There is little or no asymmetry in the length 
of the right and left testes, but in males the 
right kidney is about one-fourth longer than the 
left one. 

INTERVALS: The interval between the pan- 
creas and the left kidney is 234 “% of the body 
length in the male animals, 248 ‘%- in the 
female. 

LUNG: In these two young animals there is 
no difference in the topography of the lung: in 
the male the apex is at 270 “ec, in the female 
at 276 “ic; the end of the trabecular part of 
the lung is at 384 ‘ic, resp 380 %e of the 
body length. In the female only, the end has 
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been noted rather far to the caudal end of the 
body (896 

SHIELDS: In one male and in the female the 
number of shields is counted: the figures are 
given in Table 15. There is no difference be- 
tween the sexes. 
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Strontium-90 and Gross Beta Activity in the Fat and Nonfat Fractions of 
the Liver of the Coconut Crab (Birgus latro) Collected at 
Rongelap Atoll during March 1958 


DIPTIMAN CHAKRAVARTI and RONALD EISLER’ 


THERE HAS BEEN a large individual variability 
in the levels of radioactivity per unit weight of 
biological samples collected in the vicinity of 
the Eniwetok Test Site (Applied Fisheries Lab- 
oratory, 1949, 1953, 19554, 19556; Held, 1960). 
This variability may be great enough to mask 
or obscure differences which might exist be- 
tween species or with time or locality of col- 
lection. In most cases, practical considerations 
do not permit increasing the number of samples 
in an attempt to elucidate possible differences. 
The work reported in this paper points out a 
source of variability that exists in comparing 
the radioactivity of various samples of coconut 
crab liver. 

Birgus latro, the coconut crab, is of particular 
interest since it is edible and is known to con- 
centrate strontium-90. In the course of preparing 
samples of B. latro liver for radioassay, it ap- 
peared that the fat content varied considerably 
from specimen to specimen. A crude determi- 
nation indicated that the fat contained little or 
no radioactivity, which was expected because of 
the low mineral content of fat. 

It was therefore decided to determine ac- 
curately the fat content and the proportions of 
strontium-90 and gross beta activity in the fat 
and nonfat fractions. The objective was to deter- 
mine whether more uniform results could be 
obtained when radioisotopic content was ex- 
pressed on a basis of nonfat solids rather than 
total solids as had been done in the past. 


MATERIALS AND METHODS 


Liver samples of the coconut crab were col- 
lected from Kabelle, Rongelap, and Eniaetok 


‘Laboratory of Radiation Biology (formerly Ap- 
plied Fisheries Laboratory), University of Washington, 
Seattle, Washington. Operated under Contract No. 
AT (45-1) 540 with the United States Atomic Energy 
Commission. Manuscript received September 8, 1959. 


islands at Rongelap Atoll in March, 1958. The 
samples were oven-dried at 98 + 2° C. and 
partially pulverized. The fat was extracted from 
the dried samples by a modification of the John- 
son method (Winton and Winton, 1945). Pe- 
troleum ether was used as the extracting solvent. 
The fat-free solids were wet-ashed with concen- 
trated HNO; and H»Os. The ash obtained from 
nonfat solids was dissolved in a known volume 
of 1 N HNO, and the strontium-90 levels of 
the samples were determined by the method of 
Kawabata and Held (1958). The gross beta 
activity was also tneasured from an aliquot of 
the solution. The fat content was determined on 
a dry weight basis by weighing and on a wet 
weight basis by using the wet weight to dry 
weight ratios shown in Table 1. The fat samples 
were dry-ashed in a muffle furnace at 550° C. 
overnight. The ash obtained from the fat frac- 
tion was dissolved in a small volume of 1 N 
HNO, and was transferred to a plate for de- 
termining the gross beta activity. The gross 
beta activity of the fat fraction was less than 
| per cent of that in the nonfat fraction, making 
strontium-90 determinations impractical with 
the facilities available. 

All counting was done with an Anton end- 
window Geiger tube, number 1001-T, which 
was standardized against a National Bureau 
of Standards strontium-90 standard. 


RESULTS AND DISCUSSION 


The ratio of wet to dry weight and the fat 
content of the liver samples are presented in 
Table 1. The fat constituted an average of 47 
per cent by weight on a wet basis, with a stand- 
ard deviation of 9.71; and of 74 per cent by 
weight on a dry weight basis, with a standard 
deviation of 9.29. The average ratio of wet to dry 
weight was 1.603, with a standard deviation of 
0.156, indicating that the moisture level of the 
samples was relatively constant. 
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TABLE 1 


PERCENTAGE OF FAT CONTENT AND THE RATIO OF 

Wet WEIGHT TO DRY WEIGHT OF LIVERS’ OF 

THE COCONUT CRAB (Birgus latro) COLLECTED AT 
RONGELAP ATOLL IN MARCH, 1958 


PERCENTAGE OF FAT IN 
SAMPLE 


LIVER WET WEIGHT 
— Wer Dry DRY WEIGHT 
34 44.70 78.81 1.763 

35 48.24 74.38 1.542 

36 31.50 55.37 1.758 

37 38.01 67.88 1.786 

38 42.34 67.99 1.606 

6l 40.38 71.83 1.779 

62 42.76 73.04 1.708 

84 56.10 83.20 1.483 

85 64.62 87.69 1.357 

86 50.76 71.02 1.399 

87 61.49 88.55 1.440 

88 43.89 70.97 1.617 
Mean 47.07 74.23 1.603 
Standard | 

deviation 9.71 9.29 0.156 


* Sample weights ranged from 9 to 18 g 
P 


SAMPLE LOCATION OF 
NUMBER COLLECTION Wet 
34 Rongelap Atoll 260 + 10° 
35 3353 = 13 
36 Kabelle Island 276+ 12 
37 605 + 35 
38 420 + 20 
Mean 383 
Standard deviation 140 
84 Rongelap Island 236+ 10 
85 245 + 11 
86 159+ 8 
87 409 + 23 
88 224 + 13 
Mean... 255 


Standard deviation 93 


61 Eniaetok Island 


Standard deviation 


* Counting error is less than 7 per cent. 


TABLE 2 


STRONTIUM-90 IN NONFAT SOLID AND TOTAL SOLIDS IN LIVERS OF THE COCONUT CRAB (Birgus latro) 


NONFAT SOLIDS d/m/g 
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Strontium-90 levels expressed as disintegra- 
tions per minute per gram of nonfat solids and 
of total solids given on a dry weight and a wet 
weight basis are presented in Table 2. 

Table 3 presents the gross beta activity in the 
fat and nonfat fractions of the liver. Although 
fat constituted an average of 47 per cent of the 
wet weight and 74 per cent of the dry weight 
(Table 1) of the total solids, gross beta activity 
of the fat fraction amounted to less than 0.5 
per cent of the total sample on a wet weight 
basis, and less than 1.0 per cent on a dry weight 
basis. 

The gross beta activity of the samples on a 
wet and dry weight basis is given in Table 4. 

There is a linear relationship between stron- 
tium-90 activity and gross beta activity (Tables 
2, 3). The percentage of gross beta activity due 
to strontium-90 at Kabelle, Eniaetok, and Ron- 
gelap islands, on a nonfat solid dry weight basis, 
and based upon the average values at each island, 
is 32, 35, and 31 per cent, respectively. 


TOTAL SOLIDS d/m/g 


Dry Wer | Dry 
458 + 17° 972 4 
544 + 20 90 + 3 1440+ 5 
484 + 20 1302+ 5 288 + 10 

1080 + 44 194+8 347+ 14 
674433 | 13446 216+11 

648 121 218 

255 52 103 
350 + 15 40 + 2 592+ 3 
332+ 13 30> 1 2 
222 + 10 46+ 2 64+ 3 
589 + 33 47 +3 67+ 4 
362 + 21 6524 105+ 6 

371 46 67 

134 13 23 
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| 
248+ 9 | 442417 70 + 3 1244+ 
62 321 + 20 548 + 34 87 +5 148+ 9 
Mean ' 285 495 79 136 
52 75 12 17 
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TABLE 3 


Gross BETA ACTIVITY OF FAT AND NONFAT FRACTIONS AND PERCENTAGE OF GROSS BETA ACTIVITY IN 
FAT OF COCONUT CRAB (Birgus latro) LIVER 
PERCENTAGE OF GROSS 
SAMPLE LOCATION OF FAT NONFAT d/m/z* BETA ACTIVITY DUE TO FAT 
NUMBER COLLECTION d/m/g* Wet weight Dry weight Wert weight Dry weight 
basis basis basis 


Rongelap Atoll ‘ 1967 0.29 0.77 
1674 0.67 1.36 

Kabelle Island 1086 0.45 0.68 

| ‘ 2 3446 0.44 0.84 
1958 0.11 0.22 


2026 0.39 0.77 


Rongelap Island 1 0.18 0.42 
0.00 0.00 
0.00 0.00 
0.13 0.45 
0.13 0.26 


0.09 


Eniaetok Island 


* Counting error is less than 8 per cent. 


TABLE 4 


Gross BETA ACTIVITY OF LIVER OF THE COCONUT CRAB (Birgus latro) 


SAMPLE LOCATION OF TOTAL SAMPLE d/m/g* 
NUMBER COLLECTION Wet weight basis Dry weight basis 


Rongelap Atoll 617 431 
563 428 

Kabelle Island 423 485 
1196 1110 

627 


Mean... 616 
Standard deviation 2 288 


Rongelap Island 188 

110 

208 

194 

257 

Mean. 191 
Standard deviation 52 


61 Eniaetok Island d 413 
62 454 
Mean 434 
Standard deviation 29 


* Counting error is less than 8 per cent. 
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38 
84 
85 
4 
86 
87 
88 
Mean 0.2 728 1060 0.23 
6 824 1466 0.49 0.99 | 
| 62 6 984 1681 0.45 0.97 
6 904 1573 0.47 0.98 
~~ 
y 
34 
35 
36 
37 : 
38 i 
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The strontium units for the liver of coconut 
crab of earlier collections from Rongelap have 
been reported previously (Applied Fisheries 
Laboratory, 19554, 19554; Dunning, 1957). 
In order to report the strontium units for the 
March, 1958, collection, Table 5 has been in- 
cluded. 

Since the results of these studies show that the 
fat content is variable and the fat fraction con- 
tains practically no minerals or radioactivity, 
radiochemical analyses of the liver of coconut 
crab should be made on the basis of nonfat solids 
rather than on the entire liver, as has been done 
in the past. 


SUMMARY 


The values for strontium-90 and gross beta 
activity in the fat and nonfat fractions from the 
livers of 12 coconut crabs ( Birgus latro) col- 
lected at Rongelap Atoll during March, 1958, 
are presented. 

Although fat constituted an average of 47 
per cent by weight on a wet weight basis (74 
per cent on a dry weight basis), gross beta 
activity of the fat fraction amounted to less than 
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0.5 per cent of the total activity on a wet weight 
basis. Fat content on a wet weight basis had 
a range of 31 to 65 per cent. There is a linear 
relationship between strontium-90 activity and 
gross beta activity. Since the fat content of 
coconut crab liver is variable and the fat fraction 
contains practically no radioactivity, it is sug- 
gested that the radioactivity (and mineral con- 
tent) of liver samples be compared on the basis 
of the nonfat solids. 
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TABLE 5 


STRONTIUM UNITS AND CALCIUM IN LIVER OF THE COCONUT CRAB (Birgus latro) 


SAMPLE 
NUMBER | 


LOCATION OF 
COLLECTION 


Rongelap Atoll 


Kabelle Island 


Mean 
Standard deviation 


Rongelap Island 


Standard deviation 


6l 
62 


Eniaetok Island 
Mean 
Standard deviation 


* Strontium unit = micro-microcurie 


WET WEIGHT BASIS 


STRONTIUM 
UNITS’ 
3448 
4079 
2469 
5609 
3545 


3830 
1152 
2167 
2525 
1650 
3457 
2688 
2497 

668 
3977 
5477 
4727 
1055 


mg. Ca/g 
WET WEIGHT BASIS © 
7.25 
10.03 
23.93 
15.72 
17.18 


d/m/g 


55 
90 
130 
194 
134 
121 
52 
40 
30 
16 


14.82 
6.51 


8.39 

5.40 
12.67. 

6.18 
10.99 


of Sr®” per gram of calcium 


= 

4 | 

35 
46 
37 

38 

85 : 
&6 
87 47 
88 65 
Mean 46 8.73 : 
13 3.09 
70 8.00 
87 7.22 
4 

79 7.61 

12 0.55 
- 
4 
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NOTE 


Circular of Information, Tenth Pacific Science Congress 


The Circular of Information of the Tenth Pacific Science Congress of the Pacific Science Asso- 
ciation was issued in September 1960. It contains the preliminary program, as well as information 
on field trips, accommodation, submission of papers, and other matters. Those desiring a copy 
should send a request to: 

Mr. Harold J. Coolidge 
Secretary-General 

Tenth Pacific Science Congress 
Bishop Museum 

Honolulu 17, Hawaii, U.S.A. 


Copies will be sent by first-class boat mail, rather than by airmail. 
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should not be fastened together in any way, and 
should be mailed flat. Inserts should be either typed 
on separate sheets or pasted on proper page, and point 
of insertion should be clearly indicated. 


Original copy and one carbon copy of manuscript 
should be submitted. The author should retain a car- 
bon copy. Although due care will be taken, the editors 
cannot be responsible for loss of manuscripts. 


Introduction and Summary. \t is desirable to state the 
purpose and scope of the paper in an introductory 
paragraph and to give a summary of results at the end 
of the paper. 


Dictionary Style. It is recommended that authors fol- 
low capitalization, spelling, compounding, abbrevia- 
tions, etc., given in Webster's New International Dic- 
tionary (unabridged), second edition; or, if desired, 
the Oxford Dictionary. Abbreviations of titles of pub- 
lications should, if possible, follow those given in 
World List of Scientific Periodicals. Examples of the 
usual abbreviations are to be found in Pacific Science. 


Footnotes. Footnotes should be used sparingly and 
never for citing references (see later). When used, 
footnotes should be consecutively numbered by supe- 
rior figures throughout the body of the paper. Foot- 
notes should be typed in the body of the manuscript 
on a line immediately below the citation, and sepa- 
rated from the text by lines running across the page. 


Citations of Printed Sources. All references cited 
should be listed alphabetically by author at the end 
of the paper, typed double-spaced. References to books 
and to papers in periodicals should conform to the 
following models: 


BATZO, RODERICK L., and J. K. RIPKIN. 1849. A 
Treatise on Pacific Gastropods. Rice and Shipley, 
Boston. vii + 326 pp., 8 figs., 1 map. 


CRAWFORD, Davip L. 19204. New or interesting 
Psyllidae of the Pacific Coast (Homop.). Proc. 
Hawaii. Ent. Soc. 4(1): 12-14. 


19204. Cerotrioza (Psyllidae, Homoptera). 
Proc. Hawaii. Ent. Soc. 4(2) : 374-375. 


ROCK, JOSEPH F. 1916. The sandalwoods of Hawaii; 
2. xevison of the Hawaiian species of the 
jantalum. J. Aust. Inst. Agric. Sci. 12(3): 1-43, 
13 pls. 


In the text, sources should be referred to by author, 
' date, and page, as follows: “It was noted (Rock, 
1916: 18) that...” or “Rock (1916: 21-24) 
says...” 


Quotations. Quoted matter of fewer than five printed 
lines (about 200 characters) should be given in the 
text in the usual form, using double quote marks. 
Longer quotations should be set flush with left mar- 
gin. The author is responsible for the accuracy of 
quoted material. 


Numbers. Decimals, measurements, money, percent- 
ages, time; enumerations in which any figure is 10 or 
over; and isolated enumerations of 10 and over should 


be given in Arabic figures, rather than spelled out, 
except when the number begins a sentence. 


ILLUSTRATIVE MATTER 

Only the minimum number of illustrations required 
to supplement the text will be accepted by the editors. 
Reproduction costs of illustrations in excess of the 
number allowed by the editors will be paid by the 
author. 

Illustrations should accompany manuscript, on sep- 

arate sucets. Often more valuable than a photograph 
is a good line drawing, which may be reproduced by 
the zinc etching process. 
Figures and Graphs. Copy for figures and graphs 
should always be drawn large enough to allow for at 
least one-third reduction by the engraver. Copy should 
consist of carefully prepared line drawings in one 
color only, drawn in India ink on plain white draw- 
ing paper or tracing cloth. Co-ordinate paper with 
lines in light blue (a color which will not show in a 
photograph) may be used; but co-ordinates which 
should appear in the finished graph must be drawn 
in India ink. If original figures may not be conven- 
iently submitted with manuscript, duplicate rough 
sketches or photographic prints may be furnished to 
aid the editors in their decisions. 

It is strongly urged that an indication of scale be 
incorporated as a part of all drawings in which mag- 
nification and size are critical considerations. 
Photographs. Photographs should be chosen for clarity 
in portraying essential information. They should be 
printed for contrast, on glossy paper, and should be 
sent unmounted. They should be identified with serial 
number written in soft pencil on the back to corre- 
spond with list of captions. 

Illustrations will be returned to the author. 


Tables. Tabular matter should be kept to a minimum. 
Each table, prepared to conform with Pacific Science 
style, should be typed on a separate page, and its posi- 
tion indicated on the manuscript. 

Captions. Readily identifiable captions for figures, 
graphs, photographs, and other illustrative matter 
should be supplied on a separate page. 


Proof should be corrected immediately and returned 
at once to Robert Sparks, assistant to the editors. 
Authors are reminded that the editors will allow only 
a minimum number of corrections on galley proof. 
Additions to the printed text and changes in style and 
content are not permitted. 

All queries on proof should be answered. If cor- 
rected proof is not received within four weeks after 
being sent to the author, author's changes cannot be 
accepted. 


REPRINTS 


Reprints or separates should be ordered on the 
form provided and returned with author's proof. All 
correspondence concerning separates must be directed 
to the printer, Star-Bulletin Printing Company, Inc., 
420 Ward Avenue, Honolulu 14, Hawaii. 
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